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Japan’s Diamond Tool Industry Suffers From 
Recession 

43070096A Tokyo JAPAN 21ST in English 

Jan 94 pp 49-50 


[Article by Tatsuo Inagaki, chairman, Ind istrial Diamond 
Association of Japan] 


[Text, Since going through the oil recession of 1975, the 
production of diamond tools (including cubic boron nitride 
or CBN tools) broke past records almost every year until 
1991. It surpassed ¥ 100 billion for three years from 1989 to 
1991. However, the bursting of the so-called “bubble econ- 
omy” sapped Japan’s economic vigor in 1992, leading to 
decreased demand for diamond tools after 16 years of 
continuous increase. The recovery of output to the ¥ 100- 
billion level is regrettably regarded as difficult in 1993 due 
to the prolonged recession. 


The demand for diamond tools multiplied in the past 
supported by Japan’s high technology. Diamond tools com- 
manded a wide market ranging from stone dressing to the 
processing of electronic parts. They are applied to cutting, 
grinding, milling and drilling operations needing high effi- 
ciency and speed, and are contributing to higher quality and 
performance of various products. 


The application of industrial diamonds has also spread to 
non-tool sectors and joint R&D by the government and the 
private sector are attracting general attention. Hitherto the 
industrial diamond industry had known no recession and 
achieved continuous growth. The increase of new applica- 
tions and the diffusion o. new and hard-to-cut materials 
have been important factors inducing growth. 


The industry was of small scale until 1969 with an annual 
output of less than ¥ 10 billion (MITI’s Machinery Statis- 
tics). However, production rose steadily to ¥ 11,600 million 
in 1970, surpassing the ¥ 10-billion line for the first time, 
and ¥ 19,200 million in 1974. However, it slid down to 
¥ 16,500 million in 1975 due to the effects of the first oil 
crisis. But the industry soon recovered and attained a 
production of ¥ 22,400 million in 1976, breaking the past 
record by a wide margin. The industry literally knew no 
recession and achieved uninterrupted growth for 16 years 
until 1991 when output totaled ¥ 112,900 million. 


As for the production value index of various mechanical 
tools with 1985 at 100, diamond tools showed the highest 
figure of 142.5 in 1991 as against 140.2 for special steel tools 
and 120.0 for high speed steel tools. The share of diamond 
tools in total consumption stood at 23.2 percent in 1985 as 
against 31.2 percent for high speed steel tools. But it rose to 
24.6 percent as against 27.9 percent for high speed steel 
tools in 1991. The gap between them has been narrowed 
down to only 3.3 percent. These indexes show the remark- 
able growth of diamond tools during the intervening years. 


Of course diamond tools could not remain exempt from the 
effect of the current recession. Production has decreased for 
two years in a row. The only bright spot is that the decrease 
was smaller than that of other processing machinery. The 
production of diamond tools in the first half of 1993 
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(January-June) stood at ¥ 46,100 million, down 8 percent 
from the corresponding period a year earlier. The semian- 
nual production, which maintained a level of over ¥ 50,000 
million for seven consecutive terms from the first half of 
1989 to that of 1992, at last slipped from that level. The 
output in January-June 1993 was by 20 percent smaller than 
the peak output of ¥ 57,800 million in the second half of 
1990. We must content ourselves by realizing that the 
decline is smaller than the 30-50 percent suffered by many 
other machinery industries. 


Industrial diamonds and CBN have now become indispens- 
able materials for tool makers. The Industrial Diamond 
Association of Japan has a membership of 50 tool makers 
and 14 rough stone suppliers. In addition, many principal 
makers of high speed steel tools and cemented carbide tools 
also market diamond and CBN tools as high-tech products. 
It is easily predictable that the distinction among different 
tool makers will become more blurred in the future. 


This trend indicates that tools are essentially new products. 
The development of solid compacts of diamond and CBN 
has given a fresh impetus to this move. The R&D in the 
materials sector have achieved a larger size of artificial 
diamond single crystals and solid diamond/CBN compacts 
and practical application of thin film diamond. The tempo 
of technological development is breathtaking. 


The demand for diamond tools is expanding for the pro- 
cessing of precision parts in the industries of automobiles, 
cemented carbide tools, semiconductors and in the new 
materials sector such as ceramics, silicon and compound 
materials. At the same time, wide ranging applications of 
diamond tools include the processing of stones, road con- 
crete, asphalt, glass, refractory bricks and building materials. 


The extensive market potential of diamond tools as indis- 
pensable grinders and cutting tools for hard-to-cut materials 
and ultra precision parts, for civil engineering and construc- 
tion and stone dressing holds a great charm for the industry. 


However, the diamond tool industry depends almost 
entirely on import for the supply of vital rough diamonds 
and powder from abroad, so that internationalization is an 
inevitable option. I am confident that Japan’s diamond tool 
technology belongs to the top class of the world. Japan’s 
export ratio of diamond tools has now grown to 12 percent 
of production. Exports of unique products will surely 
increase in coming days for Southeast Asia, Europe and 
North America. The internationalization of the tool 
industry is relentlessly progressing. 


Contacts with overseas diamond industry associations have 
been strengthened of late. Our association intends to step up 
international exchanges with the United States, India, Italy 
and the former Soviet Union. 


Demand for this year is hard to predict owing to the delay of 
economic recovery. But recovery to the ¥ 100-billion level is 
awaited since the economy will probably be revitalized by 
the middle of 1994 at the latest. The demand for diamond 
tools will constantly increase if the industry lays emphasis 
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on harmony and market unique products embodying the 
ideas and expertise of makers. There is an ample hope for 
further market expansion from the long-term prospective 
for the diamond tool industry which is not yet a “matured” 
industry. 


Current Conditions and Problems Facing Japan’s 
Machinery Tool Industry 

43070096B Tokyo JAPAN 21ST in English 

Jan 94 pp 51-57 


[Article by Yukio Okamoto, Industrial Machinery Division, 
Machinery and Information Industries Bureau, Ministry of 
aternational Trade and Industry (MITI)] 


[Text] 

1. Overview 

Mechanical tools are classified into five major types by their 
material and application, and assume numerous forms 
according to their purpose. By material, there are special steel 
tools made of special steel and high speed steel, cemented 
carbide tools using cemented carbide alloys, diamond tools 


using natural and industrial diamonds or CBN (cubic boron 
nitride), grinders and “industrial saws and knives.” 


Mechanical tools are fitted to the working head of machine 
tools for cutting, grinding and polishing. They are indispens- 
able production assets in the manufacture of automobiles, 
electric machinery and appliances and many other manufac- 
turing industries. They are also used extensively in civil 
engineering and construction, stone dressing, ceramics, 
woodworking and processing of other non-metallic materials. 
They have an extremely wide variety (hundreds of thousands) 
according to materials to be processed, shapes and sizes. 


The following is the general trend of production and ship- 
ments during the last decade. They underwent a temporary 
recession in 1986 and 1987 after the yen’s appreciation. But 
all tools recorded double-digit annual growth from 1988 to 
the first half of 1991 and recorded the largest production 
and shipments in history thanks to the steady expansion of 
user industries led by machinery and electronics. 


But the mechanical tool industry reacted sensitively to the 
bursting of the so-called “bubble economy” in the second half 
of 1991. Tool production in that year fell from the level of the 
previous year, reflecting the slowdown of user industries. 


As the recession in user industries deepened in 1992, most 
mechanical tools suffered double-digit production decreases 
from the previous year, including a decrease of 22 percent 
for special steel tools. The downtrend did not improve in 
1993, driving the tool industry into further predicaments. 


2. Present Situation and Prospects for Mechanical Tools 


Japan’s mechanical tool industry in 1992 recorded produc- 
tion of about ¥ 420 billion (down 17 percent from the 
previous year), exports of ¥ 46 billion (down 21 percent) and 
imports of ¥ 15.7 billion (down 44 percent). 


The production decrease seems to have continued in 1993. 
Exports were also hit by progressing appreciation of the yen. 
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The demand for mechanical tools as disposable products 
has a time lag and often does not recover together with the 
economy, and the business performance of the industry may 
not recover even after 1993. 


(1) Special steel tools 


Special steel tools are tools mainly consisting of high speed 
steel and molybdenum. Their shanks are made of cobalt 
alloy steel, carbon steel, etc. They are fitted to machine tools 
mainly for cutting and plastic processing of metals. Some- 
times the tools are titanium coated to enhance mechanical 
strength. 


The automobile and related industries account for 40 per- 
cent of the demand for special steel tools. In addition, they 
are used extensively in the industrial machinery and electric 
machinery industries. 


i) Production 


Production of special steel tools in 1990 was the highest 
in history. But output fell rapidly afterwards due to the 
recession of user industries. In 1992 tool demand was 
affected by the production slowdown in main user indus- 
tries, including four-wheeled motor vehicles, household 
electric appliances and metal machine tools. The output 
in 1992 fell consecutively from the previous year and 
stood at ¥ 100,300 million, down 21.8 percent from 
1991. The situation deteriorated further in 1993 and the 
yen soared, and a production drop for three straight years 
seems inevitable. 


ii) Exports 


Exports of special steel tools accounted for about 10 
percent of production. They tended to decrease during 
periods of high domestic demand and to increase during 
domestic slumps. However, this rule was broken in 1992 
since exports also decreased in a time uf recession. The 
high yen in 1992 caused exports to decrease to ¥ 15,000 
million, down 11.8 percent from. the previous year. The 
downtrend continued in 1993. 


Main export destinations and the ratio to the previous 
year were: Taiwan, ¥ 3,000 million (111 percent); the 
United States, about ¥ 3,000 million (80.2 percent); 
Germany, ¥ 1,800 million (72 percent); and the 
Republic of Korea (ROK), ¥ 1,400 million (69 percent). 


By item, drills totaled ¥ 2,400 million (95.3 percent); 
milling cutters, ¥ 3,200 million (87.1 percent); and tap 
dies, ¥ 6,900 million (91.2 percent). 
iii) Imports 

Imports of special steel tools are less than their exports. 
They stood at ¥ 2,900 million in 1989 and climbed by 
1.5 times to ¥ 4,200 million in 1990 to peak off at that 
figure in 1991. Dwindling domestic demand in 1991 led 
to this import decrease. A further import decrease of 19 
percent to ¥ 3,400 million was recorded in 1992. Prin- 


cipal import origins, import value in 1992 and the ratio 
to the previous year were Germany, ¥ 1,000 million (89 








This report contains information which is or may be copyrighted in a number of countries. Therefore, copying and/or 
further dissemination of the report is expressly prohibited without obtaining the permission of the copyright owner(s). 














JPRS-JST-94-024 
17 August 1994 


percent); Taiwan, ¥ 500 million (86 percent); the United 
States, ¥ 400 million (111 percent), and Brazil, ¥ 300 
million (100 percent). 


By item, drills totaled ¥ 1,800 million (77 percent); tap 
dies, ¥ 700 million (90 percent); and gear cutters, ¥ 400 
million (65 percent). 


(2) Cemented carbide tools 


Cemented carbide tools are mainly made of tungsten car- 
bide and titanium carbide, which are compressed and 
sintered into an alloy with cobalt metal as the binder to 
increase toughness in a powder metallurgical process. 


Tool materials developed in recent years are cermets, 
mainly composed of titanium carbide and hard alloys 
coated with ceramics, metal oxides, nitrides and diamond 
with spectacularly improved durability. Cemented carbide 
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tools are used widely as tips of machine tools and in mining, 
civil engineering and construction. 


In our daily life, cemented carbide tools are used in the 
manufacture of balls in ballpoint pens, spikes on golf shoes 
and ornaments such as tie pins. 


The supply of rare metals such as tungsten and cobalt, 
constituting the principal material of cemented carbide 
tools, depends entirely on imports. Furthermore, tungsten is 
mostly supplied from countries with relatively unstable 
political situations. The committee of tungsten in UNC- 
TRAD (United Nations Conference on Trade and Develop- 
ment) is now deliberating on a worldwide stabilized supply 
of tungsten as a strategic material. 


Other rare metals are also subject to price fluctuations due 
to political instability and exchange rates, causing head- 
aches for domestic makers. 





Table 1. Special Steel Tools (Unit: ¥ 1 million) 





























1987 1988 1989 1990 1991 1992 
Production 89,796 101,979 117,805 128,701 128,295 100,322 
Ratio to previous year (%) 91.8 113.6 115.5 109.2 99.6 78.2 
Shipments 90,583 193,515 120,631 127,511 27,200 100,319 
Ratio to previous year (%) 93.5 114.3 116.5 105.7 99.8 78.9 
Exports 11,876 14,111 16,117 16,117 16,946 14,949 
Ratio to previous year (%) 93.5 118.8 114.2 100.0 105.1 88.2 
Imports 1,500 2,405 2,879 4,404 4,199 3,400 
Ratio to previous year (%) 91.2 160.3 119.7 153.0 95.3 81.0 























Source: MITI Machinery Statistics for production and shipments; MOF Japan Trade Monthly for exports and imports. 





i) Production 


The production of cemented carbide tools achieved a 
historical record of ¥ 218,900 million in 1991. But the 
output fell by 13 percent to ¥ 181,200 million in 1992 
due to the recession of main user industries including 
antamohiles and household eleciric appliances 


Production by item in 1992 was as follows: cutting tools, 
¥ 115,000 million (78 percent of the previous year); 
wear-resisting-tools, ¥ 45,100 million (90.6 percent); and 
other tools, ¥ 5,100 million (86 percent). 


The downtrend continued i:. 1993. The current produc- 
tion decrease is worse than the past ones after the yen’s 
appreciation and the first oil crisis. 


ii) Exports 


Exports of cemented carbide tools make up about 10 
percent of production. They grew continuously after 
1987 but fell slightly in 1991 to ¥ 28,900 million, down 
2.4 percent. Export decreases continued for two straight 
years in 1992 with ¥ 20,600 million (down 8.2 percent). 


Main export destinations in 1992 were Southeast Asia, 
¥ 10,000 million (95 percent of the previous year); EC, 
¥ 7,100 million (77 percent), and North America, 


¥ 6,600 million (95 percent). These three areas make up 
90 percent of exports from Japan. 


All tool makers are endeavoring to develop overseas 
demand by establishing overseas sales companies, exhib- 
iting their products at local shows and promoting inter- 
national standardization (ISO). Some Iananese firms are 
starting overseas production. But an appreciable export 
increase is regarded as difficult owing to stagnating 
international demand and the high yen. 


ii) Imports 
Annual imports of cemented carbide tools maintained a 
nearly constant level of about ¥ 10 billion until about 
1988. They soared to ¥2,300 million in 1990, but 
Stagnating domestic demand caused the imports to 
decrease to ¥ 22,600 million in 1991 (down 1.5 percent) 


and ¥ 18,000 million in 1992 (down 11 percent) as in 
the case of production. 


Principal import origins are Sweden, the United States, 
Germany and Israel with a combined share of about 70 
percent in total imports. But import origins have tended 
to diversify in recent years. 


By item, throwaway tips made up 30 percent, press and 
punching tools 15 percent, and drilling tools 14 percent. 
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(3) Diamond tools 


Diamond tools utilize the hardness, wear resistance and 
electric characteristics of diamond and have a very wide 
variety. They are roughly divided by production method 
into those using diamond grains and those using solid 
diamond compact. Either natural or artificial diamonds are 
used as materials. 


Diamond tools are used for grinding, polishing, cutting of 
semiconductor silicon and wire drawing, and their applica- 
tions are widening steadily. Their shortcomings are rela- 
tively low resistance to high temperature and impact and 
partial incompatibility with the workpiece. 


CBN tools are also included in diamond tools owing to a 
similarity of characteristics, using methods and manufac- 
turers. 


1) Production 


Diamond tools alone recorded a positive annual growth 
when the production of other mechanical tools droppec 
during the current recession, and passed the landmark of 
¥ 100 billion in 1989. But the output finally peaked in 
1991 and dropped by 13 percent to ¥ 98,400 million in 
1992, sliding off from the ¥ 100 billion line. This was the 
first decline in 17 years. 


Relatively normal growth of diamond tools, unlike other 
mechanical tools in the past, 1s ascribed to the fact that 
they are widely used in many industrial sectors, not 
depending so heavily on automobiles and electric 
machinery. Diamond tools are indispensable in state- 
of-the-art technology and in civil engineering, construc- 
tion, woodworking and public works. Fairly good pro- 
duction results of diamond tools are partly due to this 
dispersed risk. However, the current recession extending 
over all industries did not spare diamond tools. 
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All types of diamond tools suffered a production 
decrease. In particular, cutting tools and dies plummeted 
by more than 25 percent from the previous year. Cutting 
wheels for precision machining as well as segment cutters 
for construction and stone dressing suffered a decrease of 
about 10 percent. 


CBN tools also recorded a production decrease in 1992. 
Earlier recovery of both tools are awaited, since they play 
a vital role in the demand for higher efficiency, longer 
service life, higher precision and the processing of hard- 
to-cut materials in user industries. 


ii) Exports 


Exports of diamond tools surpassed ¥ 10 billion in 1989. 
The growth slowed in 1991 and stood at ¥ 12,600 
million in 1992, up | percent from the previous year. 


Main export destinations in the past were ROK, Taiwan, 
and Southeast Asian countries. But shipments to EC 
cvuntries have been on the increase in recent years. 
General-purpose and standardized products make up 
most of the exports. Custom-made products are hardly 
ever exported. 


iii) Imports 
Imports of diamond tools doubled from 1987 to 1989 
and stood at ¥ 2,600 million in 1991. Domestic reces- 


sion caused imports to fall 23 percent to ¥ 2,000 million 
in 1992. 


The import dependence ratio of diamond tools comes to 
only 2 percent. Spot imports make up a great per- 
centage. A large import increase is improbable, as in the 
case of exports, owing to the nature of diamond tools. 


Products from EC and North America make up about 
80 percent of imports by Japan. Recently the shares of 
ROK and Taiwan are increasing. 





Table 2. Cemented Carbide Tools (Unit: ¥ 1 million) 





























‘| 1987 1988 1989 1990 =| 1991 1992 
Production ;  133,18¢ 163,461 189,536 215,713 | «218,680 81,163 
Ratio to previous year (%) 91.0 122.7 116.0 113.8 101.4 82.8 
Shipments 131,431 166,164 192,135 218,138 219,201 187,425 
Ratio to previous year (%) 93.4 126.4 115.6 113.5 100.5 85.5 
Exports 17,334 22,478 27,255 29,630 28,930 
Ratio to previous year (%) 100.6 129.7 121.3 108.7 97.6 7 
Imports 10,361 12,860 17,266 22,966 22,6311 17,946 
Ratio to previous year (%) 102.8 124.1 134.3 133.0 98.5 79.3 























Source: Industry statistics 





(4) Industrial saws and knives 


Manufacturers of industria: saws and knives are classified 
into those making industrial saws for the lumber, wood- 
working, iron and steel industries and those making indus- 
trial knives for the papermaking, bookbinding, textile and 
woodworking industries. 


Saw teeth are put either directly or as diamond and CBN 
tips on a special steel blade. Saws do not differ materially 
from other tools and are included in a separate category only 
by their application and shape. Mechanical saws and knives 
have found wide applications as basic tools in many 
industries led by housing, steel and construction. 
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i) Production 
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By type, production of industrial knives totaled ¥ 25,900 


The production of industrial saws and knives grew 
steadily until 1991, but suffered a sharp decrease of 13 
percent in 1992 like all other mechanical tools. This 
slowdown is mainly attributed to stagnating demand in 
the iron and steel industry and other main user indus- 
tries, although the housing industry fared relatively well. 
By application, lumbering and housing industries account 
for about 50 percent’ _ demand, followed by 30 percent in 
iron and steel industry and 20 percent in other industries. 


million in 1992, down 13 percent from the previous year. 
They were followed by circular saws with ¥ 10,800 mil- 
lion (down 15 percent) and band saws with ¥ 10,800 
million (down 3 percent). 


Although the downtrend did not stop in 1993, recovery 
in the sale of condominiums in the housing industry, the 
main user of industrial saws and knives, is estimated to 
have kept the drop to a minimum. 





Table 3. Diamond Tools 





























1987 1988 1989 1990 1991 1992 
Production 81,456 91,240 104,202 112,018 112,908 98 434 
Ratio to previous year (%) 1.00 1.12 1.14 1.07 1.01 0.87 
Shipments 80,579 90,898 102,951 111,142 112,606 99,175 
Ratio to previous year (%) 1.00 1.13 1.13 1.98 1.01 0.88 
Exports 3,692 9,468 10,810 12,820 12,518 12,585 
Ratio to previous year (%) 1.04 2.56 1.14 1.19 0.98 1.01 
Imports 1,026 1,821 2,130 2,550 2,630 2,020 
Ratio to previous year (%) 0.95 1.77 1.17 1.20 1.03 0.77 


























Source: MITI and MOF statistics 





11) Exports and imports 


Southeast Asia is the principal export destination with a 


Exports of industrial saws and knives grew slowly until 
1991. The ratio of exports to production stood at about 
15 percent in that year. Exports in 1992 stood at ¥ 6,400 
million, down 3 percent from a year earlier, but the 
export ratio rose to 17 percent. 


By item, industrial knives topped the list in 1992 with 
¥ 4,500 million (94 percent of the previous year). Cir- 
cular and band saws recorded export gains of several 
percent. 


share of about 60 percent followed by North America 
with 20 percent. The export gains to these two areas were 
more than offset by the slowdown in other regions. 


Imports of industrial saws and knives were insignificant, 
consisting mainly of sporadic spot imports. This is 
ascribed to the punctual delivery demanded for these 
tools. Domestic products are equal to imported ones in 
quality with some advantage in prices. However, spot 
imports may increase depending on the future trend of 
foreign exchange rates. 





Teohle 4, Industrial Saws and Knives (Unit: ¥ 1 million) 





























1987 1988 1989 1990 1991 1992 
Production 34,286 37,914 40,322 42,759 44,122 38,404 
Ratio to previous year (%) 103.6 110.6 106.3 106.0 103.1 87.0 
Shipments 34,486 38,318 40,355 41,934 43,022 38,331 
Ratio to previous year (%) 101.7 1.1 105.3 103.9 102.5 89.0 
Exports 4,960 5,628 6,009 6,155 6,565 6,399 
Ratio to previous year (%) 106.6 113.4 106.7 102.4 106.6 97.4 

















Source: Industry statistics 





3. Future Tasks of the Mechanical Tool Industry 
(1) Distribution 


The large variety in types and specifications of mechanical 
tools themselves must be taken into account in considering 
their distribution in Japan. The sales routes from makers to 
users are very diversified including both direct sales and 


distribution through wholesalers. 


A lower ratio of direct sales or a larger number of interme- 
diaries is usually accompanied by more problems in the 
management of distribution and inventory and tends to 
slow down the handling of orders and delivery. Too many 
intermediaries also tend to push up prices and damage fair 
profit margins. 
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In particular, an extreme variety of tools and complexity of 
order handling give rise to troubles between suppliers and 
end users. The necessity to solve this problem has often been 
stated. The introduction of the VAN system comprising 
computers and communications networks has been found 
indispensable for rationalized distribution, and the “Indus- 
trial Tools VAN Center” was established in 1989 with the 
initiative of retailers, wholesalers and manufacturers. 


Vertical VAN systems directly linked with makers had 
existed before that. But they mainly served to promote the 
merchandise of lineage makers and did not match the 
requirements of terminal retailers. 


In contrast, VAN systems of the Industrial Tools VAN 
Center are not restricted to particular makers, have a 
horizontal link and cover all products available. They are 
thus regarded as very valuable and significant. The ratio of 
direct sales stands at about 20 percent for special steel tools, 
70 percent for cemented carbide tools and 90 percent for 
diamond tools. 


(2) Promotion of technical development and related 
tasks 


Higher performance, quality and precision will be 
demanded of mechanical tools on the technical side in the 
future. 


i) Development of new products, production methods and 
applications. 


Each tool is characterized vy its material such as special 
steel, cemented carbide or diamond. The improvement 
and development of these tools boil down to the problem 
of manufacturing methods comprising the selection of 
materials and the tool design. 


If, for example, a tool for processing hard-to-cut mate- 
rials is needed, we must select suitable materials or 
develop new materials and conceive a new tool design. 


The next task is the systematization and pilotless opera- 
tion in the user’s production line including the disposal 
of broken tools and chips. This constitutes the test of 
product reliability. Makers are conducting R&D to 
lengthen tool life and design the shape of tools to facili- 
tate chip disposal. Furthermore, an ID system of tools is 
being developed to prevent erroneous setting of tools and 
to enhance work efficiency. A system exists to build tools 
with an IC memory into NC machine tools. The tool 
type, cutting condition, length of operation and other 
data are stored in this memory and can be read out at 
will, enabling efficient control and operation of the tool. 


The demand for automation and labor saving in cutting 
operations is expected to intensify in the future. This will 
promote further quality improvement and value added- 
ness of the tools themselves. 


ii) Cost of technology 


The technical development of mechanical tools is essen- 
tially a task of each individual enterprise. However, 
these tools play a fundamental role in all user industries, 
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their quality decides the performance of these industries 
and, moreover, considerable time and huge investments 
are needed for the technical development of these tools. 
For this reason, government and international joint 
research are desirable depending on the project. For 
example, the Agency of Industrial Science and 
Technology, MITi, is conducting basic research in this 
direction. 


iii) Promotion of international standard:zation 


The production size of Japan’s me-_hanical tools 
industry comes to about ¥ 450 billion, while exports and 
imports total about ¥ 63 billion and ¥ 23 billion per 
year, respectively and 85 percent are being shipped to 
the domestic market. This industry is thus domestically 
oriented with direct contact with end users. 


At the same time, international exchange has intensified 
in the sectors of diamond and cemented carbide tools in 
recent years. Overseas investments and the establish- 
ment of overseas joint ventures and locally incorporated 
subsidiaries are increasing in parallel with the trend of 
overseas local production. The ratio of overseas produc- 
tion by Japanese makers is expected to rise gradually in 
view of the prolonged high yen. 


Overseas investiment alone is insufficient for further 
internationalization of the industry. Frequent holding 
of international trade conferences, participation in 
trade fairs, exchanges of information and promotion of 
international cooperation, including technical assis- 
tance, are also regarded as indispensable for deeper 
mutual understanding. 


The promotion of international standardization 
through the adoption of ISO is one of the most impor- 
tant tasks in pursuing the internationalization of the 
mechanical tool industry. Japan should promote the 
standardization of so-called “international merchan- 
dise” energetically, so as to remove trade friction and 
problems with users caused by different specifications. 
This is an essential task if Japan is to make an interna- 
tional contribution and to become the world’s supply 
base of mechanical tools. 


iv) Stabilized supply and recycling of basic materials 


Needless to say, a stabilized supply of raw materials 
needed for the production of mechanical tools is an 
essential factor for stabilized production, supply and 
pricing of these tools. Japan is at the mercy of other 
countries for the supply of tungsten, other rare metals 
and diamond as the basic materials of cemented carbide 
tools. The political instability of some supplying coun- 
tries is a cause of concern for our industry. 


Japan depends on overseas supply for 95 percent of 
tungsten, the main raw material of cemented carbide 
tools, excepting recycled tungsten powder. China sup- 
plies more than 50 percent of the needed quantity. 
Tungsten producing areas in the world are very limited. 
Japan is trying to circumvent this difficulty by two 
countermeasures. First, longer tool life is pursued by 
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using various coating materials. The production of 
coated tips widely surpassed that of the tungsten carbide 
(WC) type of indexable inserts after 1988. Second, the 
consumption of tungsten is reduced through the intro- 
duction of alternative materials. Cermet tips are rapidly 
increasing and made up nearly 30 percent of indexable 
inserts in 1990, a ratio comparable to WC tools. 


The stockpiling of essential materials is one approach. 
At the same time, recycling should be seriously consid- 
ered for preventing the waste of available resources. 
R&D on this subject is awaited. 


No accurate data are available on the recycling of 
tungsten. Recycled tungsten is known to be inferior in 
quality, so for the time being its use is restricted to an 
auxiliary application to special steel tools. 


However, research and development for recycling of 
scrapped cemented carbide tools is progressing, and it 
will not be long before cemented carbide tools made of 
recycled materials appear on the scene. 


The recycling of tungsten has been braked for the time 
being owing to the current foreign exchange situation. 
But this problem, together with the development of new 
materials, is of crucial importance for the future of the 
industry. 


4. Future Prospects 


Production of tools recorded steady growth until 1991, 
supported by business prosperity. But the bursting of the 
“bubble economy” in that year caused a general production 
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decline. The demand fell drastically due to reduced produc- 
tion activities and equipment investment in automobile, 
electric machinery and general machinery industries and 
inventory adjustment of marketed products. In particular, 
longer cycle of model changes for automobiles and house- 
hold electric appliances, reduced number of product models 
and common use of parts have dampened production activ- 
ities and braked replacement demand. 


The recovery of economic vigor is further delayed by the 
slowdown of personal consumption, stagnating stock 
market and soaring yen. The same tendency continued in 
1993 and made an early economic recovery highly improb- 
able. The environment of the mechanical tools industry is 
growing harsher. A sharp production decrease for all tools in 
1993, consecutively from the preceding two years, Is 
regarded as inevitable. 


Against this background, the government implemented sev- 
eral economic pump-priming steps including those in the 
summer of 1992 and spring of 1993. The inauguration of the 
“Taxation for Promoting Investment” and the «xpanded 
application of existing incentive taxation are of special 
relevance to machinery industries. 


These government policies are awaited to bring about an 
early recovery of business with rising personal consumption 
and equipment investment in the private sector. Then the 
mechanical tools industry, which reacts directly to the 
trends of other machinery industries, will be able to regain 
its optimal production level. 

At any rate, we sincerely hope that the Japanese economy 
will regain its vigor at an early date and the mechanical tool 
industry will achieve sound growth. 
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Large Quantity, Lew Cost C60 Fabrication Method 
94P60311 Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 29 Mar 94 p 4 


[Text] The “Japan Research Development Corporation's 
Chemirecognics Project” research group led by Professor 
Seiji Shinkai of the Faculty of Engineering at Kyushu 
University has developed a method to easily isolate and 
refine a large quantity of C60 fullerene, widely described as 
‘a carbon soccer ball.” The new technology calls for the 
chemirecognics function on a one-on-one basis through 
selective recognition of C60 by cyclic compounds, ‘calyx 
arene.” Compared to currently available isolation and 
refining by the chromatography method, the new method is 
simpler and expected to supply C60 at about ¥ 5,000 rather 
than at ¥ 200,000 per gram. The result of their research will 
be presented on the 30th at the Chemica! Society of Japan 
held at Aoyama Gakuin University. 


It has been only a few years since C60 was discovered. 
However, its application potential is great, including super- 
conductors. Over 10,000 researchers are working on 
fullerene research all over the world. The new technology 
that promises a low cost suppiy of C60 is of great benefit for 
various research activities, and therefore, may attract 
attention both in Japan and overseas. 


Applications of fullerene compounds are expected to 
include various fields such as superconductivity, photocon- 
ductivity, high speed rotating micromachines, high perfor- 
mance lubricants, AIDS repression through DNA cleavage, 
and molecular capsules. At present, C60 is formed by first 
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carbonizing benzene through arc discharge to make soot, 
next dissolving the soot in a solvent such as toluene, and 
finally isolating and renfining the C60. However, this 
method is not suited for mass production. Prof. Shinkai and 
his team started the project to develop a fullerene mass 
production method as part of the Exploratory Research for 
Advanced Technology Operation (ERATO) Project under 
the Japan Research Development Corporation (JRDC). 
Their breakthrough came through use of the host/guest 
chemistry method. The host is a polymerized cyclic com- 
pound of 8-(para-tert-butylphenol) through formaldehyde. 


The isolation and refining method calls for first dissolving 
carbon soot containing calyx arene and various kinds of 
fullerenes into toluene separately, When both are mixed and 
agitated, only C60 is isolated inside the cavity of the calyx 
arene which is almost the same molecular size as that of 
C60, resulting in formation of a !-to-! complex for 


deposition. 


When chloroform is added to this deposit and agitated, 
calyx arene melts and only C60 precipitates. During the 
experiment, this process was repeated three times in order 
to achieve 99.8 percent pure C60 from carbon soct at a 
recovery rate of 70.8 percent 


The work can be done at room temperature. In short, this 
isolation/refining method can be done with little more than 
a beaker and agitating stick. The calyx arene can be reused 
after recovery. The new technology also suggests the possi- 
bility of isolating and refining other fullerene groups by the 
nost/guest chemistry method. 
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Ground Combastion Test of Solid Fuel Rocket 
‘MS’ Enugine 

94P60310C Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 22 Jun 94 p 3 


[Text] The Institute of Space and Astronautical Science 
(ISAS) of the Ministry of Education, on the morning of the 
21st, conducted a ground combustion test for a large solid 
fuel “MS” rocket engine at the ISAS’s Noshiro Rocket 
Testing Center (Noshiro City, Akita Prefecture). The M5 
rocket will be used to launch scientific satellites. It is the 
world’s largest rocket using oniy solid fuel. 


The M5 engine consists of three stages. The actual size 
prototype of the first stage engine was combustion tested at 
this time. It is 2.5 meters in diameter, 13.7 meters in length, 
and weighs 92.1 tons. The horizontally installed engine was 
ignited at 11:30 a.m. emitting an orange flame and white 
smoke. 


Solid fuel rockets use mixtures such as aluminum powders. 
It can achieve great thrust easily. Development of the M5 
has been under way since FY 90 for the purpose of launching 
large scientific satellites. It is capable of launching a satellite 
of about 1.8 tons into an orbit of 250km in altitude, 
approximately 2.5 times greater than the currently available 
solid fuel ‘*M3S2’ rocket. 


The first M5 is scheduled for launch in the summer of 1996. 
The engineering Test Satellite MUSES-B wilt be on board. 
The MUSES-B is intended to establish the technology 
necessary for radioastronomy. 


Shimadzu Ltd., Allied Signal Tie Up Aims at 
Aerospace Equipment Business 

94P60310B Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese 28 Jun 94 p 12 


[Text] Shimadzu, Ltd. and Allied Signal Aerospace, an 
aerospace equipment section of Allied Signal Co., have 
signed an alliance agreement. Shimadzv will become the top 
partner in Japan for production and sales of Allied brand 
aerospace control equipment, including air conditioning 
systems, engine control devices, and engine accessories. 
Both companies have already been working on 30 different 
areas. 


Allied, while maintaining relationships with other Japanese 
manufacturers and trading companies, will aggressively 
promote division of production, joint R&D, and marketing 
information exchange. In the past, Shimadzu has been 
producing air conditioning systems under Allied license as 
well as sharing production of aircraft engine gear boxes. The 
new agreement will promote business between the two 
companies as equal partners. 


The aerospace industry is clearly suffering a slowdown due 
to defense budget cuts resulting from dismantling the East- 
West Cold War structure and a sluggish commercial airline 
business. The objectives of the Allied and Shimadzu aliiance 
in general seem to be promotion of an effective develop- 
ment and manufacturing system as they take advantage of 
each other’s operational know-how internationally. 
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Shimadzu’s aerospace divison achieved about ¥ 30 billion 
in annual sales (as of the end of March 1994). On the other 
hand, Allied Signal Aerospace totaled about $4.5 billion in 
sales (1993). 


NASDA Displays Free Flyer Unit 


94P60310A Tokyo NIKKEI SANGYO SHIMBUN 
in Japanese | Jul 94 p 5 


[Text] [Tsukuba] On 30 June, the National Space Develop- 
ment Agency (NASDA) displayed for reporters at the 
Tsukuba Space Center (Tsukuba City. Ibaraki Prefecture) a 
space experiment and observation satellite, the ‘Free Flyer 
Unit (SFU),’ which is scheduled for launch by the third H-2 
rocket in the winter of 1995. The SFU will conduct 14 
experiments including crystal growth and space observation 
using infrared telescopes in microgravity space environment 
of about 500km in altitude for six months, and then be 
recovered by NASA’s space shuttle. Since it is reusable, it is 
highly regarded as low cost microgravity testing equipment. 


The SFU has been under development by the NASDA, the 
Institute of Space and Astronautical Science of the Ministry 
of Education, and the New Energy and Industrial Tech- 
nology Development Organization since 1987. 


The SFU body is 4.46 meters in diameter, 2.8 meters in 
height, and weighs a total of 4 tons. It is equipped with six 
laboratories, an infrared telescope, and solar cell panels on 
the upper portion. 


It will be launched with meteorological satellite-5 from the 
Tanegashima Space Center in Kagoshima Prefecture in 
Jan-Feb 1995. After separating from the launching vehicle 
at about 300km in altitude, it will move on its own to about 
500km in altitude. It will conduct tests for six months 
including crystal growth of compound semiconductors and 
diamond, observation of egg laying by water lizards, and 
plasma thrust. 


After the tests are completed, the SFU will be recovered by 
the space shuttle ‘Endeavor,’ which is scheduled for launch 
in Aug-Sep 1995, and returned to the earth. The tests results 
will be checked in Japan later. SFU is reusable and can be 
launched a total of five times. 


Launch of H-2 Launch Vehicle Test Flight No. 1 
Successful 


430700884 Tokyo NASDA REPORT in English 
Spring 94 pp 4-5 


[Text] H-II Launch Vehicle Test Flight No. | was launched 
at an azimuth of 85 degrees at 0720 on February 4, 1994 
(Japan Standard Time) fromm Tanegashima Space Center. It 
carries aboard the Orbital Re-Entry Experiment (OREX) 
Vehicle and the H-II Vehicle Evaluation Payload (VEP). 
Weather at the time of launch was cloudy with wind north 
northeast at 3.3 m/s and a temperature of 7.8°C. 


The first-stage and the solid rocket boosters (SRBS) burned 
normally. The SRBs were separated | minute and 39 
seconds, the fairing 3 minutes 40 seconds, and the first stage 
6 minutes and 7 seconds after lift-off. The second-stage 
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liquid rocket engine burned normally from the engine start 
6 minutes and 13 seconds after lift-off and cut-off 12 
minutes 56 seconds after lift-off. The guidance and control 
systems also performed normally. 


OREX was separated from the second-stage rocket as sched- 
uled 13 minutes and 51 seconds after lift-off in its specified 
orbit. VEP was then separated from the second stage 27 
minutes and 57 seconds after lift-off to achieve its specified 
orbit. OREX left the orbit after completing one revolution 
around the earth, re-entered the atmosphere, and splashed 
down in the Pacific Ocean. The tracking and measurement 
of the rocket and OREX were conducted satisfactorily and 
expected data were obtained. The tracking and control of 
VEP was also satisfactory and the VEP signals stopped after 
the expected data was obtained. OREX and VEP were 
christened “Ryusei” and “Myojo” and given international 
designations 1994-007A and 1994-007B respectively. 


The purposes of the launch were: to verify the function and 
performance and acquire various data in flight of the H-II 
Launch Vehicle Test Flight No. 1; to verify the functions of 
the launch control system and tracking and control system; 
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to develop fundamental technology for orbital re-entry; and 
to develop preliminary piggyback launch technology by 
simultaneously launching OREX and VEP. 


After the launch, Prime Minister Morihiro Hosokawa com- 
mented as follows: “I would like to congratulate you on the 
launch success. A successful launch was desired not only by 
the people directly involved but also by the nation’s citizens 
who have been watching closely as new prospects for the 
21st century develop. I would like to express my profound 
respect for the efforts of President Yamano and other 
NASDA personnel and my hope that you will focus your 
efforts on space development to greatly contribute to the 
development of Japan’s economic prosperity and position 
in international society.” We would like to express our 
heartfelt gratitude for the extensive cooperation given by all 
persons involved. 


Date of and Weather at Launch of H-II Launch Vehicle 
Test Flight No. 1 


Date and Time of Launch: 0720 a.m., February 4, 1994 


Weather at Launch: Cloudy Ground Wind: 3.3 m/sec north 
northwest; Temperature 7.8°C 





Major Events of H-I1 Launch Vehicle Test Flight No. 1 (Time after Lift-Off) 





Item Measured Value (Prompt Report) 


Measured Value 





Lift-Off 0 second 


0 second 





Solid Rocket Booster Burn Out 1 minute 37 seconds 


1 minute 36 seconds 





Solid Rocket Booster Separation 1 minute 39 seconds 


1 minute 39 seconds 





Fairing Separation 3 minutes 40 seconds 


3 minutes 37 seconds 





First-Siage Main Engine Cut-Off 5 minutes 59 seconds 


5 minutes 56 seconds 





First Stage Separation 6 minutes 7 seconds 


6 minutes 4 seconds 





First Second-Stage Engine Ignition 6 minutes 13 seconds 


6 minutes 10 seconds 





First Second-Stage Engine Cutoff 12 minutes 58 seconds 


OREX Separation 


12 minutes 56 seconds 





13 minutes 51 seconds 13 minutes 53 seconds 





Second Second-Stage Engine Ignition 24 minutes 56 seconds 24 minutes 55 seconds 
Second Second-S:age Engine Cut-Off 


VEP Separation 





27 minutes 36 seconds 27 minutes 43 seconds 





27 minutes 57 seconds 28 minutes 3 seconds 





OREX Re-Entry Firing Started 


1 hour 41 minutes 5 seconds 


1 hour 41 minutes 





OREX Re-Entry Firing Completed 


| hour 45 minutes 50 seconds 


1 hour 48 minutes 





OREX Blackout Began 


2 hours 3 minutes 3 seconds 


2 hours 4 minutes 





OREX Blackout Ended 


2 hours 4 minutes 56 seconds 


2 hours and 5 minutes 





OREX Splash Down 





2 hours 13 minutes 2 seconds 


2 hours 13 minutes 








Modification of Additional Equipment for Arc-Heated 
Wind Tunnel 

43070088B Tokyo NASDA REPORT in English 

Spring 94 pp 11-12 

[Article: “Modification of Additional Equipment for Arc- 
Heated Wind Tunnel: Modification To Remedy Noncon- 
formances and Deteriorated Equipment, To Test and 
Develop Heat-Resistant Materials for HOPE” 


[Text] Work to modify additional equipment for the arc- 
heated wind tunnel (equipment owned by the National 


Aerospace Laboratory (NAL)) has been conducted since 
March 1992. The work was recently completed and the 
facility was opened. 


1. Details 


The arc-hearted wind tunnel was constructed in 1983 
for the joint research by NAL and the National Space 
Development Agency of Japan (NASDA) on heat- 
resisting materials and systems for retrieval experi- 
ments by small rockets. It has subsequently been used 
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to test and evaluate ablators, carbon/carbon com- 
posite materials for the H-II Orbiting Plane (HOPE) 
and Orbital Re-Entry Experiment (OREX), and 
ceramic tiles for OREX. However, the equipment has 
deteriorated remarkably due to long years of opera- 
tion resulting in remarkable nonconformances. It also 
became clear that the equipment heating capacity 
would be insufficient for full-scale testing for HOPE 
materials. Overall modification is thus required to 
restore the equipment capability. 


2. Details of Modification 


To conduct full-scale HOPE material testing, the 
equipment must be able to heat a disk-shaped test 
sample of 25mm diameter up to 1 700°C and apply a 
heat load of 300 kW/m? to the 100mm x 100mm test 
subject. The equipment was modified as shown in the 
table below to satisfy the requirements. The addi- 
tional equipment for the arc-heated wind tunnel and 
the arc heater are shown in Figure 1. 
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Before moditication After modification 

Electric power input 450 750 
Air flow rate 6 8-22 
Maximum total 18 25 or more 
enthalpy 
Arc heat efficiency 30 50 or more 
maximum 
3. Results of Modification 


The modification was completed as scheduled at the end of 
September, 1993, with the support of the High Enthalpy 
Flow Research Laboratory, NAL. The results of the perfor- 
mance inspection met the specification. The equipment will 
be used to test and evaluate the HOPE carbon/carbon 
composite (C/C) materials and other materials. The High- 
Temperature Emissivity Measuring Unit was installed while 
the wind tunnel was being modified, because knowing the 
emissivity of the material is essential to conducting arc- 
heated wind tunnel test. The High-Temperature Emissivity 
Measuring Unit is shown in Figure 2. 
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High-Pressure Cooling Water 
Cooling Tower 
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Figure 1. Additional Equipment for Arc-Heated Wind Tunnel 
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Figure 2. High-Temperature Emissivity Measuring Unit 
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ADEOS Critical Design Review Held: Actively 
Discussed for Three Days 

43070088C Tokyo NASDA REPORT in English 
Spring 94 pp 16 


[Article: “ADEOS Critical Design Review Held: Actively 
Discussed for Three Days; Presently in PFM Manufacturing 
Phase After Finishing Review of Independently Designed 
Components”’] 


[Text] The purpose of the Advanced Earth Observing Satellite 
(ADEOS) is aimed at contributing to monitoring changes in 
the earth environment. Its data will be used constantly, not 
only by many researchers around the world but also by the 
Meteorological Agency and the Marine Information Center in 
Japan and by the National Aeronautics and Space Adminis- 
tration (NASA) and the National Oceanic and Atmospheric 
Administration (NOAA) in the United States. 


The ADEOS critical design review (CDR) was held for three 
days from November 17-19, 1993. In the review, the mem- 
bers, including participants from various organizations, 
actively discussed sensors proposed by the domestic and 
overseas Organizations (the Environment Agency, Ministry 
of Internationa! Trade and Industry, NASA, and National 
Center for Space Studies (CNES)) to be carried on board. 
Members also discussed the sensors of the National Space 
Development Agency of Japan (NASDA), the Ocean Color 
and Temperature Sensor (OCTS), and Advanced Visible 
and Near Infrared Radiometer (AVNIR)). 


ADEOS is designed to make each unit thermally and 
mechanically independent of other units. Therefore, the 
CDRs of the units and sensors of ADEOS were conducted 
separately and have already been compieted. An ADEOS 
protoflight model is now being manufactured. 


The results of system design and mission analyses were 
reported in the system CDR, and participants confirmed 
that there was no problem in design. 


The structural and thermal model was tested from 
November to December to verify appropriateness of the 
system thermal design. Disturbance characteristics evalua- 
tion is being planned to examine the influences of distur- 
bances generated by satellites on sensors, because many 
sensors are installed on board ADEOS. 


ADEOS manufacturing and testing activities continued 
after the CDR was completed. 


Interview With H-II Project Executive Director 
Godai 

43070093A Tokyo SCIENCE & TECHNOLOGY IN 
JAPAN in English 25 Mar 94 pp 4-6 


[Interview with Dr. Tomifumi Godai, executive director, 
National Space Development Agency of Japan; date and 
place not given] 


[Text] The National Space Development Agency of Japan 
succeeded in launching the entirely domestic-made rocket 
H-II on February 4 this year, realizing Japan’s long-time 
dream for space. SCIENCE AND TECHNOLOGY IN 
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JAPAN interviewed Dr. Godai who has been in charge of 
H-II as executive director ever since the project was started 
10 years ago. In this interview, Dr. Godai frankly speaks of 
his confidence in the H-II rocket and of his hope that the 
next generation of Japan’s space development will fully 
actualize the possibilities of H-II. 


[STJ]}: You are to be congratulated on the successful flight of 
the H-II rocket, Dr. Godai. As the executive director, you 
were the key person behind the development of the H-II 
from the beginning. We would be very interested in hearing 
your comments. 


[Godai]: Development was very long, 10 years in all, so we 
really wanted a perfect launch. Then, finally, on February 4, 
all the conditions were perfect. The launch of the rocket and 
the release of the two satellites went exactly according to plan. 


Before the launch, many people asked me if I was worried. 
Actually, I wasn’t in the least concerned as the prelaunch tests 
were even more stringent than the real thing. Launching our 
first experimental vehicle was the final overall test. 


Each part of the rocket system had been under development, 
but there were things that we could not confirm in ground tests. 
The only way to merge these systems into one overall test was to 
actually fly the vehicle. This was the basic intention behind the 
launching of the experimental vehicle this time. 


The number of items and operations checked prior to lift-off 
was enormous, amounting to some 100 checks in the final 
190 seconds, for example. Nothing could be omitted, one 
single malfunction or failure would have halted the launch. 
This was what I most cared about. 


Ignition of the LE-7 engine occurs at minus six seconds. It 
takes the remaining time before lift-off for the engine to 
reach full thrust, at that point, when the two solid boosters 
are ignited, the rocket is free to move and we have lift-off. 


At this moment, there is nothing else to do but place full 
trust in the rocket and hope for a good flight. I was confident 
that there was no problem with the H-II rocket, as it had 
been so thoroughly checked in each preceding stage; 
designing, development experiments, manufacture and 
maintenance. However, we couldn’t possibly know the 
results until we had actually launched the vehicle. 


[STJ]: What was at stake was tremendous partly because the 
H-II rocket was entirely developed with domestic tech- 
nology. This must make you all the happier about the 
launch. May I ask you what were the most difficult points in 
developing the rocket? We would also like to know your 
ideas on the future of the Japanese space industry. 


[Godai]: Technically speaking, the most difficult thing to 
develop was the main LE-7 engine. This held us up for two 
years. However, with our research laboratories behind us, 
our agency and business enterprises closely cooperated and 
one by one the difficulties were overcome. I didn’t feel that 
there was any barrier at all between our agency and the 
business enterprises and so this fine engine really was a 
product of team work. 
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The LE-7 engine got all the lime light, but actually, the H-II 
was an entirely new development. Everyone on the rocket 
development project pulled their weight and the two-year 
postponement bought us the time we needed to handle all 
the problems in the other sectors. As a result, the LE-7 
received a lot of attention at the end. 


Everyone in the agency and the whole space industry world 
was behind the success of the H-II. The Space Activities 
Commission is now reviewing the long-term vision of space 
development and is now revising the current policy outline. 
However, everything, the activation of space activities and 
the future of the whole space industry itself, hinged on the 
success of the H-II. With this success behind us, we can now 
really begin to plan for the future. 


I am sure that if we continue to make very reliable rockets 
and conduct launches with the same amount of care, we can 
only expect this kind of success to continue in the future. 


Space development needs investment, however, especially if 
we are to bring the price of satellite transport space activities 
down to a reasonable level. The high price of rockets has 
acted as a stop, preventing many activities. Cheaper rockets 
would mean an increase in the number of enterprises joining 
space activities and would undoubtedly lead to new 
developments in space missions. 


[STJ]: The No. 2 and No. 3 H-II rockets are about to be 
produced. What are the future plans? 


[Godai]: All plans through to the No. 6 H-II launching 
vehicle have been approved. An experimental satellite 
called engineering test satellite VI (ETS-VI) will be launched 
this summer. This ETS-VI will be the first big step forward 
in Japan’s large-sized satellite development. As the full-scale 
development of rockets began with the H-II, the ETS-VI will 
be a milestone in the development of satellites. 


Next winter, two satellites (the No. 5 meteorological satellite 
and a space experiment-observation free flyer) will be 
launched. These satellites are heavy and so we need to 
improve the capability of the rocket a little. 


In future space activities, we are planning to supply fuel to 
satellites and to deliver and recover cargo with HOPE, the 
H-II orbiting plane. The technology for the rendezvous 
required for these activities will be developed with the 
engineering test satellite VI] (ETS-VII). 


[STJ]: What effect do you think the coming fierce interna- 
tional competition for commercialization will have on 
Japan’s role, following on from the successful launching of 
the H-II rocket? 


{Godai]: For equality in international cooperation, it is nec- 
essary to have the same level of technology. In this sense, I 
personally feel that, as we managed to complete the entire 
development of the H-II on our own, we are capable of taking 
the lead in promoting international cooperation. We are now 
in a position to offer cooperation in ways other than mere 
finance. 


As far as international competition is concerned, the 
National Space Development Agency of Japan does not 
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directly touch on the launching of commercial satellites, and 
so on. This area will be covered by the RSC, Rocket Systems 
Corporation, an organization established through capital 
investment by 74 private enterprises. NASDA will handle 
the transfer of technology to RSC and support their efforts. 


[STJ]: It seems pretty certain that budget appropriation will 
be made available for HOPE this year. Could you tell us 
about your expectations for the development of HOPE and 
manned space activities? 


{Godai]: One of the two satellites launched this time was an 
orbital reentry experiment (OREX). OREX appears to have 
collected a lot of valuable data when it came out of orbit and 
reentered the atmosphere. This is all very useful in prepa- 
ration for the next big project, HOPE. The outlook is bright 
now with regard to heat-proof materials, and so on. 


Following on from OREX’s initial tests and prior to tackling 
the HOPE experimental model, we are planning a hyper- 
sonic flight experiment (HYFLEX) and an automatic 
landing flight experiment (ALFLEX). 


The basic difference between HOPE and the manned Amer- 
ican space shuttles is that HOPE is designed for unmanned 
operations and so many of its functions are automatic. On the 
other hand, the U.S. space program, even in its early stages, 
operated manned rockets. I think the H-II rocket could do the 
same if certain technological improvements are made. HOPE 
will be launched with an improved version of H-II. If we are 
going to man the H-II rocket, however, human support 
systems and safety devices such as an emergency ejection 
device will become necessary. It is technologically possible, 
but it must be carefully studied as there are a number of 
problems associated with it. For one thing, it would require a 
large investment and for another, there are the social prob- 
lems connected with manned spacecraft which have to be 
overcome. 


[STJ]: Space itself is a very romantic subject for many 
people. Speaking as someone who has been in charge of 
space development for a long time, I would like to ask you 
if space holds any romance for you? 


[Godai]: Space development has a special significance and 
that is the capability of going absolutely anywhere. The H-II 
can easily send probes to the moon or Mars and these are 
things that people often imagine when thinking about space. 


The United States launched the Pioneer, etc., very early in 
their career. Compared with this, the H-II rocket has supe- 
rior capabilities, I feel. Romantic feelings toward space 
begin with probes of the moon and planets. Japan now has 
the capacity to make plans and promote them through 
international cooperation. With sufficient backup, such 
tasks will be accomplished in the near future. It is my 
sincere hope that the young people of today get involved and 
start working on such jobs, instead of waiting for the next 
generation. 
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LH,/LOX Turbopump 


43070093B Tokyo IHI ENGINEERING REVIEW 
in English Spring 94 p 84 


[Article: “LH,/LOX Turbopump—Delivered to NASDA— 
For Use in the First-Stage LE-7 Rocket Engine of H-lIl 
Vehicle” ] 


[Text] Ishikawajima-Harima Heavy Industries Co., Ltd. 
(IHI), has successfully manufactured and delivered liquid 
hydrogen (LH,)/liquid oxygen (LOX) turbopumps to the 
National Space Development Agency of Japan (NASDA) in 
June 1993 after acceptance tests. The pumps were used in 
the first stage LE-7 rocket engine of the first H-II vehicle. 
The LE-7 engine used staged combustion cycle similar to 
that of the space shuttle main engine, and IHI has concen- 
trated on development of the LH,/LOX turbdopump since 
1984. 


The LH,/LOX turbopump supplies the thrust chamber with 
liquid hydrogen (fuel) and liquid oxygen (oxidizer) under 
very high pressure at temperatures 20K and 70K, respec- 
tively. The turbine coupled with pump is driven by the 
hydrogen/oxygen combustion gas at approximately 870K at 
temperatures generated by the preburner. IHI previously 





Figure 1. LH, Turbopump 
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developed the LH,/LOX turbopumps for the LE-5 rocket 
engine used in the H-I vehicles, all of which have been 
successfully launched. The LE-7 engine, however, requires 
higher thrust and pressure than the LE-5 engine. The 
problems in strength, durability and reliability have been 
solved though a two-year delay existed in the H-II first 
flight. The main specifications of the LH,/LOX turbopumps 
for the LE-/ engine is shown in Table 1. 



































Table 1 
Type LH2 LOX turbopump 
turbopump 

Propeliants LH?2 LOX 
Flow rate (1/s) 504 186 
Pump outlet (MPa) 27.2 17.7 (for main pump) 
pressure 26.2 (for split pump) 

(kgf/cm) 276 181 (for main pump) 

268 (for split pump) 

Revolution (rpm) 42,385 18,252 
Turbine-drive gas Hydrogen/oxygen gas 
Shaft horse power (kW) 17,899 | 4,567 











Figure 2. LOX Turbopump 
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The World’s Energy Situation and Nuclear Power 
Development 


43070094A Tokyo SCIENCE & TECHNOLOGY IN 
JAPAN in English Jan/Mar 94 pp 9-10 


[Text] 


Trends in the World’s Energy Demand 


Subsequent to the double oil crisis that occurred in the 
1970s, the world’s industries underwent a structural trans- 
formation from mass energy consumption to the energy- 
saving industries which led to a temporary easing of the 
world’s energy demand. But beyond 1983, the energy 
demand once again bolted due to the moderate prices of 
energy resources and the generally bullish global economy. 


According to an estimate by the International Energy Agency 
(IEA), the world’s energy demand will increase at an average 
annual rate of 2.0 percent and will have expanded by about 48 
percent by the year 2010. By regions, the demand will be 
conspicuous in the developing countries, while in the indus- 
trially advanced countries, the energy demand growth rates 
will slacken due to the sluggish econu.>ic growth rates and fall 
below those of developing countries due to the implementa- 
tion of energy-saving measures. 


The World’s Energy Supply Structure 


The world’s energy supply structure has meanwhile under- 
gone a change from its definite reliance on petroleum up till 
the first oil crisis to a larger reliance on petroleum- 
alternative energy resources such as atomic energy and 
natural gas. 
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According to the IEA’s estimate, the use of petroleum- 
alternative energy resources will advance further. Also, from 
the aspects of the earth’s environmental issues such as the 
earth’s gradual warming and the generation of acid rain 
which are attracting attention, it observes that the reliance 
on non-fossil energy resources will increase henceforth, 
primarily atomic energy. 


State of World’s Nuclear Pewer Generation 


At the end of June, 1993, 416 nuclear power plants were in 
operation throughout the world which had an aggregate 
installed power generation capacity of 343,900,000kW. 
Meanwhile, the total generated energy of nuclear power 
plants as of 1992 ran up to 2,027,600,000,000kWh, 
accounting for roughly one-sixth of the world’s aggregate 
generated power. This is equivalent to roughly 426,000,000t 
of petroleum, or to nearly one-half of the total annual 
production of petroleum by Middle East countries (produc- 
tion in 1992 about 899,700,000t). 


As for the countries with the largest installed power gener- 
ation capacities, the United States led the world with the 
operation of 108 nuclear power plants as of June 1993, while 
France operated 55 nuclear power plants which met about 
73 percent of the country’s total domestic energy demand. 


Nuclear power generation was first accomplished in the 
United States in 1951 and has gained impetus steadily, but 
with the occurrence of the Chernobyl disaster in 1986, some 
countries have come to reassess their nuclear power policies 
or to terminate the construction of new nuclear power 
plants, with the result that the development and use of 
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Table 1. Changes in the World’s Energy Demand 











This report contains information which is or may be copyrighted in a number of countries. Therefore, copying and/or 
further dissemination of the report is expressly prohibited without obtaining the permission of the copyright owner(s). 











JPRS-JST-94-024 
























































17 August 1994 Nuclear Technologies 17 
Developing Countries 
hydraulic powcr nuclear power 

terrestrial heat 

and others ~ 

= petroleum 
coal | 
The Former Soviet Union and 
Countries Participating in OECD Eastern European Countries 
~~ natural gas = 







































































, 
y 
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Table 2. Consumption Percentage of Various Energy Sources in Different Regions (inside the circles for records in 
1990; outside for expected showing in ~010) 





nuclear power has stagnated. However, there is a wide- 
spread awareness of the vital role and necessity of nuclear 
power generation, or the recognition that it contributes to a 
diversification of energy resources . id prevents the earth’s 
gradual warming, so some countries and regions are giving 
second thoughts to their energy policies, and moves are 
becoming apparent for the resumption of nuclear power 
plant construction. 


Meanwhile, there is grave international concern for the 
safety of the nuclear power plants in operation in the former 
Soviet Union, the Central and Eastern European countries, 
so studies are in progress to offer international assistance. In 
the Tokyo Summit Conference held in July 1993, the state 
of implementation of the Munich Summit’s plan of action 
was evaluated and, in the economic declaration, it was 
pointed out, regarding short-term measures, that progress 
has been achieved in bilateral economic support and in the 
measures advanced with the Nuclear Power Plant Safety 
Support Fund. 


As the themes for future implementation, it pointed out the 
necessity of enforcing support without delay and of pro- 
moting safety. Also, regarding long-term measures, it 
drafted the framework of future support while referring to 
the reports submitted by the World Bank and IEA, and gave 
support to an energy plan that enables hazardous nuclear 
power plants of various countries to be closed at an early 
stage, with the World Bank promoting these actions through 
the adjustment of its financial measures. 


Also, to prevent military engineers who have lost their jobs 
through the Soviet Union’s crumbling from engaging in 
military jobs in other countries, an International Science 
and Technology Center was established with funds dis- 
bursed by various countries including Japan, and enforce- 
ment projects are presently being evaluated with regard to 
the application of the technical expertise accumulated by 
these engineers up till now for peaceful purposes. 
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Table 3. Various Countries’ Nuclear Power Generation Ratio (%) With Respect to Their Total Energy Generation 





State of Energy Resources and Nuclear Power 
Development in Japan 

43070094B Tokyo SCIENCE & TECHNOLOGY IN 
JAPAN in English Jan/Mar 94 pp 11-15 


[Text] 


State of Energy Resources in Japan 


The energy demand in Japan remained stagnant in FY 1992 
due to the economy’s entry into an adjustment stage and 
increased only slightly by 0.5 percent compared with the 
preceding year. During FY 1987 to FY1991, the growth rate 
had been as high as 3-5 percent, bolstered by the bullish 
prosperity supported by brisk domestic demands. In the 
sector of utilization of energy resources, the demands raised 
by the civilian and transportation sectors surpassed those by 
the industrial sector, and the future outlook is that the 
overall energy demand is likely to increase soundly in the 
years ahead. 


Meanwhile, regarding the energy demand and supply struc- 
ture in Japan, roughly 80 percent of the total supply of 
primary energy resources relies on imports as dependency 


on petroleum increases to 60 percent of energy resources. As 
was newly recognized on the occasion of the Gulf crisis, 
Japan relies on the Middle East region for roughly 70 
percent of her petroleum import volume, which represents 
an extremely insecure situation compared with other indus- 
trially advanced countries. Therefore, in order for Japan to 
secure energy resources with stability and to secure eco- 
nomic growth with stability while balancing human activi- 
ties and environmental preservation, it will be imperative to 
establish highiy effective energy policies to cope with these 
matters. Based on these thoughts, the government estab- 
lished its “Oil-Alternative Energy Supply Targets’ in 
October 1990, and is implementing an integrated energy 
policy aimed at decreasing the country’s reliance on petro- 
leum and at introducing measures to increase nuclear power 
generation, to develop new forms of energy resources and to 
collect and reuse waste energy resources. 


State of Nuclear Power Development in Japan 


Regarding the promotion of nuclear power generation as a 
means of acquiring a reliable oil-alternative energy resource, 
uranium in its raw form is distributed relatively widely 
throughout the world and in regions which are politically 
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and economically stable, so it constitutes a highly stable 
source of fuel supply. In addition, by establishing a nuclear 
fuel cycle in Japan and raising the efficiency of uranium 
utilization, it will become possible to recognize uranium as 
a semi-domestic form of energy resource. Further, an assess- 
ment of the unit power generation cost as of 1989 concluded 
that nuclear power generation features an economic advan- 
tage compared with the use of coal or natural gas, and when 
observed from the aspect of environmental preservation, 
nuclear power generation will provide added merits such as 
decreasing the generation of carbon dioxide and alleviating 
other global environmental disruption matters. 


Therefore, in order to establish an ideal energy mix and a 
state of stable supply of energy resources on a global scale 
and to solve existing global environmental disruption mat- 
ters, it will be necessary for Japan to establish a sound set-up 
for nuclear power generation, which features excellence in 
the aspects of stability in energy supply, economy and 
minimal environmental disruption, as a major source of 
supply of energy resources, and to promote its development 
and utilization with vigor. 


As of September 1993, there were 46 nuclear power plants in 
operation including research stage power plants in Japan, 
with an aggregate installed power generation capacity of 
37,361,000kW. Incidentally, in FY 1992, nuclear power gen- 
eration accounted for 28.2 percent of the country’s total 
generated energy (electric utility trade), and the target is to 
increase this ratio to 43 percent by FY2010. 


State of Nuclear Fuel Cycle 


When operating a power reactor, plutonium is necessarily 
generated through fuel combustion, and with the light water 
reactor, for example, roughly one-third of the generated 
energy is derived from plutonium fission. In addition, the 
spent fuel extracted from nuclear power plants contains a 
large quantity of substances such as plutonium which can be 
reutilized as fuel, so Japan has consistently adopted the 
basic policy of establishing the nuclear fuel recycle of 
recovering, reprocessing and re-utilizing spent fuel, ever 
since the country first researched the development of 
nuclear power generation technologies. 


In Japan, nuclear fuel recycling is proceeding steadily as is 
shown by the construction and operation of a uranium 
enrichment plant, a low-level radioactive waste burying 
facility and a returned waste control and reprocessing 
facility, in Rokkasho Village, Aomori Prefecture. Mean- 
while, the fast breeder prototype reactor “Monju” built by 
the Power Reactor and Nuclear Fuel Development Corp. 
has entered into its final stage of criticality in Tsuruga City, 
Fukui Prefecture. 


On the international front, a large-scale disarmament in 
nuclear weapons is proceeding by the United States and the 
former Soviet Union, and in this wake the matter of 
bolstering the nuclear nonproliferation regime is gathering 
international interest due to the need to treat the plutonium 
recovered from dismantled nuclear weapons, the need to 
control related technologies and from the skepticism held 
against some countries engaged in the development of 
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nuclear weapons. Against this backdrop, domestic and for- 
eign discussions are increasing on the need to extend the 
Nuclear Non-Proliferation Treaty. 


The plutonium utilized through the nuclear fuel recycling 
system has a lower plutonium 239 concentration compared 
with weapon plutonium, but since it is regarded as a 
substance readily usable for military purposes, Japan is 
demanded to cope with this matter most carefully in har- 
mony with the international society. Against this backdrop, 
Japan is engaged in research to develop technologies for 
preventing the use of plutonium for nuclear weapons with 
ease. 


As described above, the international situation surrounding 
nuclear fuel recycling is extremely rigid indeed, but from a 
long-term perspective, nuclear fuel recycling has the effect of 
conspicuously prolonging the service life of uranium 
resources, so it is indispensable for mankind in his endeavor 
to develop and utilize nuclear energy. Therefore, when 
observing Japan’s efforts to develop technology for estab- 
lishing the nuclear fuel cycle, the action may be recognized as 
Japan’s international contribution with an eye focused on the 
future, also as Japan’s international obligation as a country 
that is sorely deficient of energy resources, a primary energy 
consuming nation, but which is a technologically advanced 
nation. 


However, in some Western countries, where the develop- 
ment of fast breeder prototype reactors is stagnant, the 
transportation of plutonium to Japan by the ship “Akatsuki 
Maru” raised great concern, together with Japan’s atomic 
energy development policy. 


Fully aware of such a situation, the Atomic Energy Com- 
mission of Japan has engaged in studies since September 
1992 on the revision of its Long-Term Program for Devel- 
opment and Utilization of Nuclear Energy including how to 
implement its nuclear fuel recycling system henceforth, 
while soliciting the opinions of various circles. 


Development of Advanced Thermal Reactor and 
Utilization of Plutonium in Japan 


1. Development of a Fast Breeder Prototype Reactor 


The Power Reactor and Nuclear Fuel Development Corp. is 
constructing its prototype reactor “Monju”™ in Tsuruga City, 
Fukui Prefecture, with the cooperation of the private sector, 
and performance tests are in progress. ““Monju” is scheduled 
to attain criticality in April this year. 


Regarding the demonstration reactor, developmental 
research on the reactor and the selection of the reactor’s 
basic specifications are being advanced under the leadership 
of the electric utility industry. As for the way to advance the 
demonstration reactor’s development plan henceforth, this 
is being studied by the Fast Breeder Prototype Reactor 
Committee of the Atomic Energy Commission. Also, the 
Federation of Electric Power Companies, at the meeting of 
presidents held in January this year, determined the top 
entry type looped reactor as the target of development of the 
demonstration reactor with the schedule of commencing the 
reactor’s construction in the early 2000s. 
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2. Utilization of Plutonium by Light Water Reactors 
and Development of Advanced Thermal Reactor 


The utilization of plutonium by light water reactors is being 
advanced primarily by electric power companies, and a 
demonstration project ‘volving a few reactors has already 
been started. As for the demonstration version of the 
advanced thermal reactor, the Electric Power Development 
Co., Ltd. is making preparations to construct a demonstra- 
tion reactor with an electrical output of 606,000kW in 
Ohma Town, Aomori Prefecture, with an aim to put the 
reactor into operation in FY2003. 


3. Reprocessing of Spent Fuels of Fast Breeder Reactors 


Research concerning the reprocessing of spent fuels of fast 
breeder reactors is being advanced by the Power Reactor and 
Nuclear Fuel Development Corp. To establish process engi- 
neering techniques based on hot tests conducted on engi- 
neering scales, it plans to construct a recycling equipment 
testing facility, and acquired a permit to make necessary 
installation alterations in August 1993. 


4. MOX Fuel Processing 


Research on mixed oxide (MOX) nuclear fuel processing 
has been advanced by the Power Reactor and Nuclear Fuel 
Development Corp., and in its aggregated manufacturing 
performance as of March 1993, it is credited with having 
reprocessed roug ily 123t of MOX fuel. 


In view of the nuclear fuel recycling and utilization plan in 
connection with light water reactors and the commence- 
ment of operations of the reprocessing plant under construc- 
tion in Rokkasho Village, it will be necessary to provide a 
facility for the domestic processing of roughly 100t/yr of 
MOX fuel, so studies are presently being advanced on the 
contents of operations primarily by private enterprises. 


5. Plutonium Transportation 


Regarding the marine transportation of plutonium used for 
producing replacement fuel for the fast breeder prototype 
reactor “Monju,” the transporter “Akatsuki Maru” loaded 
with about |.1t of plutonium departed from France in early 
November 1992, and entered the Japan Atomic Power Co., 
Ltd.’s Tokai Port in Tokai Village in January 1993. 


Plutonium transportation by “Akatsuki Maru” marked the 
first such attempt based on the Marine Transportation 
Guidelines of the New Japan-U.S. Nuclear Power Agree- 
ment, so deliberations were advanced between the Japanese 
and American governments as well as between the Japanese 
and French governments, and transportation was imple- 
mented under the leadership of the Power Reactor and 
Nuclear Fuel Development Corp. with the cooperation of 
various related organizations. 


Radioactive Waste Processing and Disposal Measures 
1. High-Level Radioactive Waste Processing and 


Disposal 


As for the method of advancing high-level radioactive waste 
processing and disposal measures, it will be necessary, firstly 
regarding disposal measures, to draft plans for establishing 
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the set-up for engaging in disposal by the year 2000, and to 
Start operating disposal plants as early as from the 2030s to 
the mid-2040s at the latest. Meanwhile, regarding the 
advancement of research to develop related technologies, the 
state of progress and results should be coordinated at some 
appropriate time, and the research plan to develop deep 
underground burial technologies and the plan for con- 
structing disposal plants should be advanced separately. It 
will also be indispensable for related organizations to coop- 
erate in these activities by sharing burdens appropriately. 


The future plan is to implement these measures reliably in 
conformance with these aforementioned policies. In May 
1993, a “High-Level Radioactive Waste Disposal Promo- 
tion Preparatory Team” was established with the aim of 
making preparations for engaging in high-level radioactive 
waste disposal activities smoothly by acquiring the under- 
standing and cooperation of the general public as by con- 
ducting surveys and research in connection with high-level 
radioactive waste disposal and by announcing and utilizing 
the results. 


Also, regarding the development of vitrification technolo- 
gies in connection with the underground disposal of high- 
level radioactive waste, related activities are being advanced 
under the leadership of the Power Reactor and Nuc!ear Fuel 
Development Corp. The plan to establish a Storage Engi- 
neering Center in Horonobe Town, Hokkaido, is being 
advanced steadily in clear discrimination from the disposal 
plant construction program. 


2. Low-Level Radioactive Waste Processing and 
Disposal 


Regarding low-level radioactive waste, the Japan Nuclear 
Fuel Co., Ltd. has constructed a Low-Level Radioactive 
Waste Burying Center in Rokkasho Village, Aomori Prefec- 
ture, for the disposal of low-level radioactive waste in 
comparatively shallow underground pits, which entered into 
operation in December 1992. 


Incidentally, in April 1993, the Russian government 
announced in its white paper that the former Soviet Union 
and Russia had been dumping liquid and solid radioactive 
waste for years in the northern seas, or in Barents Sea and 
Kara Sea, as well as in the Sea of Japan, in violation of 
international agreements. In addition, in mid-October, 
Russia dumped liquid radioactive waste in the Sea of Japan. 
Regarding this matter, the Japanese government lodged a 
strong protest and urged Russia to stop dumping the waste 
into the sea, and Russia terminated its second scheduled sea 
dumping of radioactive waste. Japan conducted a marine 
environmental radiation survey from April to June and also 
embarked on its own survey of environmental radiation. In 
addition, it plans to conduct a joint survey of the marine 
radioactive waste disposal regions jointly with Korea and 
Russia this March. 


3. Measures for Decommissioning Nuclear Power 
Facilities 


Regarding the development of technology for the decom- 
missioning of nuclear power facilities, the Japan Atomic 
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Energy Research Institute is advancing these activities by 
using the Japan Power Demonstration Reactor (JPDR) as 
the model, while the Research Association for Nuclear 
Facility Decommissioning is accumulating and popular- 
izing the results of research in connection with the decom- 
missioning measure of nuclear power facilities used in 
research and development. Meanwhile, the Nuclear Power 
Engineering Corporation is conducting demonstration tests 
on technology relating to decommissioning measures. 


Regarding the disposal of dismantled waste concrete of 
extremely low radioactive levels, the revision of the mea- 
sures for implementing the Nuclear Regulation Law in 
September 1992 has paved the way for the disposal of this 
waste in dugout trenches. 


Effective Utilization of Radiation 


The radiation generated by radioactive isotopes is being 
utilized widely in the sectors of medical treatment and 
industry. 


1. Medical Treatment 


Radiation is being utilized in the sector of medical treat- 
ment for diagnosis and therapy. It is also being applied to 
stimulating the motions of medical drugs inside the body, 
also for the synthesis of medical materials. Research is 
presently in progress on the use of heavy particle radiation 
for treating cancer. The National Institute of Radiological 
Sciences is engaged in research on therapy using heavy 
particle radiation that features an excellence in radiation 
therapy and is also constructing a heavy particle irradiation 
medical apparatus for cancer (HIMAC), and advancing 
research for the full-scale treatment of cancer with heavy 
particle radiation from 1994. 


2. Agriculture 

Radiation is also being utilized in the sector of agriculture 
for the improvement of species, insect control and food 
irradiation. Regarding insect control, radiation has been 
applied to melon fly extermination in Okinawa and 
Kagoshima Prefecture, and with the successful extermina- 
tion in Okinawz Prefecture and surrounding islands 
including Kume Island (Okinawa), the Miyako Islands and 
further in the entire Amami Islands, a ban on the transpor- 
tation of fruits from these regions has been lifted to enable 
these products to be shipped out freely to other markets. 
Even in the Yaeyama Islands, the melon flies have been 
exterminated as of October 1993. 


3. Industrial Sector 


Techniques have been commercialized for measuring the 
thickness, density and water content of materials by using 
gamma rays and neutron rays, while nondestructive 
methods are now in wide use as for inspecting cracks in vital 
system components. Radiation is also being used widely for 
improving the thermz/ and wear resistance of electric wire 
covering materials and automobile tires. A technology has 
been developed for treating coal and city refuse combustion 
smoke with electron beams as a means of eliminating NO, 
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and SO, which are causes of acid rain, and tests have been 
commenced recently with a pilot plant. 


4. Environmental Preservation 


The Japan Atomic Energy Research Institute is engaged in 
pilot tests on a technology for treating exhaust gases gener- 
ated by coal-firing thermal power plants by electron beam 
irradiation. The aim is to commercialize a combustion 
exhaust gas desulfurizing and denitriding technology which 
will be based on electron beam irradiation. At the same 
time, technology based on radiation is under development 
for treating and sterilizing the sludge generated as through 
sewage treatment. 


5. Sector of Research and Development 


In the sector of life science, radiation is being applied to 
research as for elucidating the structures of DNA-based 
sequences, also being applied to the sector of archaeology. 
Research is also in progress on ion beams, RI beams as well 
as photon, anion and neutron beams. 


Survey of Sea pe a bape se Radioactive Waste 
by the Former Soviet Union and Russia 


On April 2, 1993, the Russian government issued a white 
paper that presented the results of a survey conducted by a 
governmental committee on the sea dumping of radioactive 
waste by the former Soviet Union and Russia. The Japanese 
government acquired a copy of the white paper through 
diplomatic channels and immediately started adopting 
necessary measures. 


A radiation survey of Japan’s surrounding seas previously 
conducted by the Science and Technology Agency with the 
cooperation of related ministries and agencies confirmed 
that there was no notable abnormality in these seas arising 
from the dumping of radioactive substances. However, 
subsequent to the Russian government's announcement of 
the white paper, the Supervisory Board on Radiation Pro- 
tection, chaired by the Minister of State for Science and 
Technology, held several staff meetings, and, reaching a 
consensus, began to put the following measures into effect: 


(1) Requesting the Russian government to supply Japan 
with detailed information regarding the sea dumping of 
radioactive waste, and calling for the implementation of 
a joint Japanese-Russian marine environment radioac- 
tivity survey. 

(2) Implementation of a marine environment radioactivity 
survey of the Sea of Japan with survey ships and other 
equipment supplied by the Science and Technology 
Agency, Fisheries Agency, Maritime Safety Agency and 
Meteorological Agency. 


In addition, the first Japan-Russia Joint Working Group 
Conference was held in Moscow on May 11-12, 1993, to 
G'scuss the issue of the marine dumping of radioactive waste 
a‘; well as future prevention measures. At this conference, 
the Russian side declared that they had terminated the 
activity of dumping solid radioactive waste and were grad- 
ually bringing to an end the practice of dumping liquid 
radioactive waste, while a mutual agreement was reached to 
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conduct a joint Japanese-Russian survey of the regions 
where radioactive waste was dumped. 


The result of the radioactive waste dumping survey in the 
Sea of Japan looked encouraging, revealed no abnormal 
data, and, in the meeting of staff members of the Supervi- 
sory Board on Radiation Protection held on August 30, 
1993, a report was given which stated, “The results of the 
recent survey give no indication that the health of Japanese 
citizens will suffer any adverse influence.” 


However, subsequently, Russia dumped 900 m? (0.38 Ci) of 
liquid radioactive waste on October 17. The Supervisory 
Board on Radiation Protection decided to conduct a marine 
environment radioactivity survey in the Sea of Japan again, 
and immediately implemented the plan on the same day. (A 
final report on the results of this survey was compiled in late 
February 1994, but no abnormal data were acquired then.) 


The government dispatched experts to Moscow and Vladi- 
vostok immediately following Russia’s second dumping to 
conduct concrete studies in order to collect information 
relating to the dumping and to expedite the implementation 
of the joint marine environment radioactivity survey in the 
Sea of Japan. Further, on November 10-11, the second 
Japan-Russia Joint Working Group Conference was held, 
and it was mutually agreed that the first marine survey in 
the Japan Sea would be implemented in early 1994. 


Also, in subsequent deliberations, it was decided that the 
survey would be conducted by Japan, Korea and Russia 
with the participation of the International Atomic Energy 
Agency, that the seawater and seabed soil in the sea regions 
where the waste was dumped will be sampled for radioac- 
tivity analysis. At last, the survey began on March 18, 1994. 


Further, to continue monitoring the influence of future 
radioactive waste dumping on the health of the Japanese 
people, a plan is being drafted to substantiate the radioac- 
tivity survey of the marine environments in the Sea of Japan 
region, and a request has been submitted to the Diet to 
acquire the necessary funding. 


White Paper on Nuclear Energy, 1993 Issue 


Atomic energy plays a vital role in the supply of energy 
resources, and atomic energy already accounts for nearly 30 
percent of the country’s total generated electricity demand, 
making atomic energy indispensable for securing stable 
supplies of energy. Therefore, it will be vital for Japan to 
advance related developmental activities even cautiously 
based on the premise of securing safety without fail. 


Japan is sorely deficient of energy resources and, from the 
aspect of energy safety assurance from a long-term perspec- 
tive and on a global scale, it will be necessary to advance her 
peaceful utilization of plutonium by estabiishing the nuclear 
fuel recycling system. In addition, in the international 
society, the drastic reduction of nuclear weapons together 
with the termination of the Cold War between the East and 
the West has made it necessary to maintain and further 
bolster the set-up for nuclear nonproliferation. Against this 
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backdrop, it will be necessary for Japan to strive to establish 
the nuclear fuel recycling system by gaining both domestic 
and foreign understanding. 


Atomic energy is involved not only in nuclear power gener- 
ation but is also being applied to the precursory sectors of 
cancer treatment using radiation and in nuclear fusion. 


At present, the Atomic Energy Commission, in view of 
diverse changes in both domestic and foreign situations, ts 
striving to revise its Long-Term Program for Development 
and Utilization of Nuclear Energy that indicates the direc- 
tion of the advance of basic policies and guidelines relating 
to the development and utilization of atomic energy in the 
country, and is striving to come out with revisions con- 
forming to the various domestic and foreign situations 
relating to atomic energy while studying the opinions of 
various sectors. 


Regarding the development and utilization of atomic 
energy, it will be necessary to perform rigid safety inspec- 
tions carefully and to enforce multistage controls meticu- 
lously with a safety first policy, and it will be necessary for 
the government to establish systems for foolproof safety 
assurance while taking into account the diverse delibera- 
tions conducted in connection with atomic energy, also to 
further uplift the understanding and cooperation of the 
general public through information dissemination and 
ample dialogue with local residents and people in general. 


Against this backdrop, the White Paper on Nuclear Energy 
was issued in November 1993. This white paper compiles 
the activities relating to atomic energy in general over the 
past year. In the “Introduction” is offered a description of 
the general domestic and foreign situations surrounding the 
nuclear fuel recycling system including the movements in 
connection with nuclear nonproliferation. Furthermore, the 
Introduction describes the position of the nuclear fuel 
recycling system in Japan’s development and utilization of 
atomic energy, the recent energy situation and the state of 
nuclear power generation in the world’s leading countries 
and in Japan, and the situation concerning the advancement 
of the development and utilization of atomic energy 
including the applications of radiation. 


In the itemized sections in Part 2 of the white paper are 
concretely described in detail the most recent situations 
surrounding the country’s nuclear power generation activi- 
ties, the existing safety assurance and environmental pres- 
ervation measures, the nuclear fuel recycling system, the 
development of the advanced thermal reactor, the establish- 
ment of nuclear power back-end measures, the research 
activities which are being advanced in connection with 
nuclear fusion, nuclear vessels and high-temperature eng)- 
neering, the state of utilization of radiation, the funda- 
mental and essential research programs in progress, the 
international cooperation activities in progress, the state 
concerning nuclear nonproiiferation and the atomic energy 
industry. 

Regarding atomic energy development and utilization in 
which safety assurance stands out as the prerequisite, the 
Nuclear Safety Committee, the organizations supervising 
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safety control, diverse research organizations, electric power 
companies and related equipment manufacturers, are 
Striving to establish safety assurance measures in their 
respective fields of activities. Regarding this matter, a 
detailed description is offered in the “White Paper on 
Nuclear Safety” issued separately from the White Paper on 
Nuclear Energy. 


Advancement of Precursory Developmental 
Projects 

43070094C Tokyo SCIENCE & TECHNOLOGY IN 
JAPAN in English Jan/Mar 94 p 16 


[Text] Research on nuclear fusion, high-temperature gas 
reactors and utilization of radiation can be advanced 
smoothly only by applying a broad range of advanced 
techrologies. Also, these research programs have a high 
potential of creating various kinds of advanced technologies 
which may be applied even to other industrial sectors. These 
programs may also serve as a tractive force for stimulating 
technical innovation. 


Research on Nuclear Fusion 


The purpose of nuclear fusion research is to extract and 
utilize the energy generated when the atomic nuclei of 
lightweight elements are mutually bombarded and fused 
into larger atomic nuclei. Since the fuel is deuterium that is 
available inexhaustively in sea water, nuclear fusion stands 
out as an everlasting source of energy for mankind. Nuclear 
fusion features a highly safe principle and does not create 
substances which are likely to cause global environmental 
disruption issues. 


In June 1992, the Atomic Energy Commission implemented 
its third-stage nuclear fusion research basic plan and, based 
on this plan, related research is presently being advanced by 
the Japan Atomic Energy Research Institute, universities, 
national research and experimental organizations and 
others. The Japan Atomic Energy Research Institute used its 
critical plasma experiment system (JT-60) and succeeded in 
attaining the world’s highest temperature in March 1993, 
while the Nuclear Fusion Scientific Research Institute that 
is a joint research organization of universities is advancing 
basic research on various types of magnetic field coniain- 
ment systems such as the helical type, the reverse magnetic 
type, pinch type and mirror type systems. 


Also, engineering design activities relating to the Interna- 
tional Thermonuclear Experimental Reactor (ITER) are 
being advanced through international cooperation among 
Japan, the United States, EU and Russia. 


Research on Accelerator 


The Japan Atomic Energy Research Institute and the Insti- 
tute of Physical and Chemical Research are constructing the 
world’s largest (8 GeV) radiant light facility (SPring-8) in the 
Harima Science Park City, Hyogo Prefecture, with the plan 
to commence energy supply from 1998. The radiant light is 
a powerful means of assessment and analysis that ts certain 
to stimulate drastic progress in research relating to a broad 
scope of fields including substance and material scientific 
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technology, information and electronic science technology 
and life science, and great expectations are held by 
researchers for its commencement. Also, since this radiant 
ray facility should be managed as a facility open widely to 
both domestic and foreign researchers as an integrated 
research center of advancing research on the utilization of 
radiation, studies are presenily being made on the set-up for 
promoting the facility's utilization. 


High-Temperature Engineering Experimental Research 


Regarding high-temperature engineering experimental 
research, various kinds of advanced basic research projects 
are being implemented as in connection with high- 
temperature engineering and for the development of a 
high-temperature gas-cooled reactor featuring supply of 
high-temperature heat, excellent supply stability and high- 
temperature combustion of fuel, and the construction of a 
High-Temperature Engineering Test Reactor (HTTR) is 
being advanced by the Japan Atomic Energy Research 
Institute. In addition, to promote related research activities 
most efficiently, the program is being advanced under 
international cooperation with the participation of coun- 
tries such as Germany, the United States and China. 


Outline of 1993 White Paper on Nuclear Energy 


43070094D Tokyo SCIENCE & TECHNOLOGY IN 
JAPAN in English Jan/Mar 94 pp 17-20 


[Text] 


Chapter 1. Situation Surrounding Nuclear Fuel 

: cling in Japan and Abroad; Activities Toward the 
of “Long-Term Program for Development and 

Utilization of Netlear Eneret” 


In promoting nuclear fuel recycling, it is essential to under- 
stand and consider the international trends of nuclear 
development, especially the nonproliferation of nuclear 
weapons. In this regard, large-scale nuclear disarmament 
has been progressing mainly in the United States and the 
former Soviet Union. With the advance of nuclear disarma- 
ment, issues such as the treatment of plutonium recovered 
from dismantied nuclear weapons and the supervision of 
related technology have been recognized as important inter- 
national challenges. On the other hand, there is growing 
concern over the development of nuclear weapons among 
certain states which are involved in regional conflicts. Thus, 
it has become an international task to enhance the nonpro- 
liferation movement. Under these circumstances, a confer- 
ence will soon be held to decide on an extension of the 
Nuclear Non-Proliferation Treaty (NPT). This issue ts being 
taken up in discussions more and more both in Japan and 
abroad. 


From a long-range view, nuclear fuel recycling is vital to 
mankind to promote the utilization of nuclear energy. To 
develop technology toward the establishment of nuclear fuel 
recycling can be regarded as the international responsibility 
of Japan, a country with scarce energy resources and large 
resource consumption but which is advanced in nuclear 
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technology. This is an important contribution for Japan to 
make to the international community in preparation for the 
future. 


It is necessary to show the direction of Japan’s policy so as 
to promote the peaceful use of nuclear energy, including 
nuclear fuel recycling, ensuring safety and preventing the 
proliferation of nuclear weapons, as well as gaining the 
understanding of the Japanese people and the international 
community. 


International Efforts To Prevent Proliferation of 
Nuclear Weapons and Challenges To Maintain and 
Enhance the Non-Proliferation Movement 


Based on the resolution included in the chairman’s state- 
ment of the G7 Joint Meeting on Support for Russia held in 
April 1993, the government of Japan decided to grant about 
$100 million to Russia for the storage and disposal of 
nuclear materials previously possessed by the former Soviet 
Union. In providing such assistance, Japan should naturally 
follow the fundamental principle that nuclear research/ 
development and utilization should be promoted only for 
peaceful purposes. In May 1993, the Atomic Energy Com- 
mission issued a chairman’s statement to confirm the objec- 
tive of assistance. Japan, the United States, the European 
Union and Russia signed an agreement to establish the 
International Science and Technology Center, and Japan 
decided to provide financial aid for the Center, offer 
projects, and send personnel. It is strongly hoped that the 
Center will be established as soon as possible. 


—In 1995, a conference will be convened to decide whether 
NPT shall be extended indefinitely or for an additional 
period. The Atomic Energy Commission has a strong 
interest in extending NPT because of its importance in 
promoting the peaceful use of nuclear energy. This issue 
was brought up in the Munich Summit in 1992, as well as 
in the Tokyo Summit in 1993. The Japanese government 
expressed their support for the indefinite extension of 
NPT in a policy speech given by the Prime Minister to the 
127th session of the National Diet in August '993. 
Taking this opportunity, the Atomic Energy Commission 
published the following comments from their chairman: 


1) Convinced that NPT has played the greatest role in 
developing the use of nuclear energy for peaceful 
purposes in each country participating in it, it should 
be reaffirmed that NPT continues to assure the parties 
of the maximum benefit from peaceful nuclear 
activities. 


2) Bearing in mind the desire of mankind to eliminate 
nuclear weapons, the commission strongly hopes that, 
recognizing that indefinite extension of NPT could 
never mean indefinite possession of nuclear weapons 
by the nuclear-weapon states and that their responsi- 
bility toward nuclear disarmament becomes more 
serious, all nuclear-weapon states will fulfill the con- 


crete reduction of nuclear weapons at an early date. 


— 


—At the Thirty-Seventh International Atomic Energy 
Agency (IAEA) General Assembly held in Vienna in 
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September 1993, Satsuki Eda, Minister of the Science and 
Technology Agency (also Chairman of the Atomic Energy 
Commission), repeated the opinions stated by the Com- 
mission; accordingly, the Atomic Energy Commission 
will positively support NPT extension in the upcoming 
conference. 


The Necessity and Significance of Nuclear Fuel 
Recycling in Japan 


The international situation concerning the utilization of 
plutonium has greatly changed and become much tighter 
because of concern over the proliferation of nuclear 
weapons. Some nations slowed down their activities related 
to nuclear fuel recycling for such reasons as easing the 
uranium supply/demand, financial conditions, etc. 


However, from a long-range viewpoint, nuclear fuel recy- 
cling is indispensable to mankind in promoting the utiliza- 
tion of nuclear energy because it will substantially prolong 
the life of uranium resources. Thus, establishing nuclear fuel 
recycling through technological development can be 
regarded as the responsibility of Japan, a country with 
scarce energy resources of its own and with a heavy demand, 
but which is advanced in nuclear technology. This is Japan’s 
international contribution toward the future age. 


Conditions To Promote Nuclear Fuel Recycling 
—Ensuring Safety 


Strict safety regulations are being followed at reprocessing 
plants, at fast breeder reactors and during the transportation 
of nuclear fuel materials. 


—Ensuring Transparency and Non-Proliferation of Nuclear 
Weapons 


In promoting nuclear fuel recycling, it is extremely impor- 
tant for Japan to ensure the transparency of programs and to 
firmly prevent the proliferation of nuclear weapons. 


There is grow »g concern over the accumulation of pluto- 
nium produced from dismantled nuclear weapons or recy- 
cled as nuclear fuel. The IAEA is conducting an unofficial 
study to discover the accumulated quantities and methods 
of providing international control over them. Japan is 
studying specific initiatives to control plutonium on a global 
level, so that further transparency of nuclear fuel recycling 
will be ensured. 


—Disclosure of Information; National and International 
Understanding and Cooperation 


The promotion of nuclear fuel recycling involves important 
international aspects, including the nonproliferation of 
nuclear weapons and international transportation of pluto- 
nium. Therefore, it has become increasingly important to 
gain international understanding and cooperation regarding 
Japan’s programs and measures for ensuring safety, as well 
as the efforts to prevent the proliferation of nuclear 
weapons. It is also essential to provide information on 
Japan’s policies and programs on a global level while 
positively promoting the nonproliferation of nuclear 
weapons and ensuring transparency. 
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Activities Toward the Revision of the Long-Term 
Nan ao for Development and Utilization of Nuctear 
nergy 


—To pursue the development and utilization of nuclear 
energy systematically and comprehensively while gaining 
national understanding and cooperation, the Atomic 
Energy Commission has formulated every five years since 
1956 a Long-Term Program for the Development and 
Utilization of Nuclear Energy (Long-Term Program) 
which presents the outline of guidelines and the basic 
measures for nuclear development and utilization. 


—In consideration of changes in domestic and the interna- 
tional situation with regard to nuclear energy, the Atomic 
Energy Commission decided to review the Long-Term 
Program and establish an advisory committee on the 
Long-Term Program under the commission in July 1992. 


—The commission established a special conference to 
review the Long-Term Program, which is composed of 
men of learning and experience other than nuclear spe- 
cialists. This conference is now deliberating on how to 
proceed with the development and utilization of nuclear 
energy. 


—The following matters should be considered in the revi- 
sion process from the viewpoint of promoting nuclear fuel 
recycling: 


1) Reaffirming the necessity and significance of nuclear 
fuel recycling. 


2) Presenting integrated and rational nuclear fuel recy- 
cling programs, including FBR development pro- 
grams. 


3) Presenting the nuclear fuel recycling program in accor- 
dance with the international situation over nonprolif- 
eration of nuclear weapons, and trying to ensure 
transparency in doing so to gain national and interna- 
tional understanding. 


—Under the rapidly changing international situation, Japan 
should promote the development and utilization of 
nuclear energy, including nuclear fuel recycling, following 
the ideas expressed in the Atomic Energy Basic Law, 
while gaining national and international understanding. 
Japan should also try to ensure a stable supply of energy 
and move forward in science and technology. Moreover, 
Japan should create further possibilities for nuclear 
energy and thus positively contribute to the international 
community. For these purposes, the current revision of 
the Long-Term Program is extremely important. 


Chapter 2. The Energy Situation: The Development and 
Utilization of Nuclear Energy in Japan and Abroad 


Chapter 2 opens with a description of the general view of the 
recent energy situation in Japan and abroad. In line with 
this preview, it then goes on to show the role which nuclear 
energy should play in energy supply, as well as presenting 
measures for dealing with global environment problems. 


Secondly, Chapter 2 shows the present status of the nuclear 
power generation of major countries, as well as the present 
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status of the nuclear fuel cycle, including uranium enrich- 
ment, reprocessing, and measures for dealing with radioac- 
tive waste. 


Finally, Chapter 2 describes the present situation in this 
country of nuclear development during the past year, 
including nuclear power generation, nuclear fuel cycle, 
development of advanced power reactors, back-end mea- 
sures, utilization of radiation, international cooperation in 
the nuclear field, and leading projects such as nuclear fusion 
and accelerators. These sections also show the efforts being 
made to increase the understanding of the Japanese people, 
through disclosure of information in the nuclear field. 


The Role of Nuclear Energy 


1. The Energy and Electric Power Situation in Japan 
and the Significance of Nuclear Power 


Japan depends on overseas sources for more than 80 percent 
of its total primary energy supply, which gives the country 
an extremely weak energy supply structure. 


The government is promoting a comprehensive energy 
policy by minimizing the increase of energy demand, 
reducing dependency on oil and introducing new and regen- 
erative energy sources in line with “The Energy Supply 
Targets for Petroleum Alternatives.” 


The future demand for electric power is expected to see a 
steady growth in the middle and long term reflecting the 
domestic demand. 


The nuclear power generation accounted for 28.2 percent of 
the total generated power (for utilities) in FY1992. It is 
growing steadily and is playing an important role in energy 
supply. 


2. Global Environment Problems and the Significance of 
Nuclear Energy 


Nuclear power is also significant from the aspect of the 
response to the global environment issue as it does not emit 
gases such as carbon dioxide, nitrogen oxide and sulfur 
oxide which bring about the greenhouse effect that in turn 
causes acid rain during the process of power generation. 


The communique of the International Energy Agency (IEA) 
Ministerial Board held in June 1993 presented the opinion 
that radioactive waste would not cause an adverse effect on 
the environment. Many IEA member countries, however, 
state that nuclear power is an energy source necessary to cope 
with the global environment as it does not emit the green- 
house effect gases during the process of power generation. 


Japan has incorporated the introduction and promotion of 
nuclear energy in its Action Program to arrest global 
warming. 


The revised Basic Plan for Energy Research and Develop- 
ment also stressed the importance of the development and 
utilization of nuclear power. 
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The Present Status of the Development and Utilization 
of Nuclear Power, Nuclear Fuel Cycle and Plutonium 
Use in Japan 


1. Present Status of Nuclear Power Generation in Japan 


—Thirty years have passed since the first nuclear power 
generation in Japan. Japan now has the third largest 
installed capacity next to the United States and France. 


—Nuclear power stations in Japan have come to provide 
28.2 percent of the total generated capacity (for utilities), 
and they have steadily established their position as a 
major power source. 


2. Economics of Nuclear Power Generation 


—In accordance with the estimates made by the Ministry of 
International Trade and Industry in FY1989, the power 
generation cost for nuclear power is ¥ 9/kWh. The nuclear 
power generation is a power source with an economic 
performance equal to or better than other sources even 
taking into consideration the cost related to the final 
disposal of radioactive waste. 


—The estimate made by the Institute of Energy Economics 
also shows that the nuclear power generation cost based 
on the operation started in FY 1992 is about ¥ 10.14/kWh, 
the cheapest of all energy sources. 


3. Promotion of the Industrialization of Nuclear Fuel 
Cycle 


(1) Uranium Enrichment 


The Japan Nuclear Fuel Limited (JNFL) is operating 
the Rokkasho Enrichment Plant. Its current separation 
capacity is 450 tons-SWU/year, and the company plans 
to eventually expand separation capacity to 1,500 tons- 
SWU/year. 


As regards the laser process, a new technology, the 
Japan Atomic Energy Research Institute (JAERI) and 
the Laser Atomic Separation Engineering Research 
Association are promoting the research and develop- 
ment of the atomic vapor laser isotope separation 
method. The PNC (Power Reactor and Nuclear Fuel 
Development Corporation) and the Institute of Physical 
and Chemical Research are developing the molecular 
laser isotope separation method. 


(2) LWR Spent Fuel Reprocessing 


In the future, Japan is committed to cope with the 
domestic reprocessing demand using the Rokkasho 
Reprocessing Facility in Aomori Prefecture. The spent 
fuels that exceed the domestic reprocessing capacity 
should be stored and managed appropriately prior to 
reprocessing. 


4. Advanced Reactors and Plutonium Use in Japan 


(1) Fast Breeder Reactors (FBR) 


The PNC is constructing a prototype reactor named 
“Monju” and is conducting performance tests to pre- 
pare for criticality which is scheduled for April 1994. 
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The Japan Atomic Power Company is conducting a 
conceptual design study for celecting basic specifica- 
tions for fast breeder demonstration reactors. The 
future procedures for the demonstration reactor plan 
are now being studied by the Advisory Committee on 
Fast Breeding Reactor Development Program of the 
Atomic Energy Commission of Japan. 


(2) Plutonium Use in LWRs and Advanced Thermal Reac- 
tors (ATRs) 


Electric power companies are the main promoters of the 
utilization of plutonium in light water reactors and are 
already carrying out small-scale demonstration pro- 


grams. 


The program will be followed by the projects that realize 
a gradual and planned expansion to provide for the 
utilization of plutonium recycling. 


As for advanced thermal reactors, the prototype reactor 
“Fugen” has been successfully operated. In addition, 
the Electric Power Development Co., Ltd. is making 
arrangements to build a demonstration reactor in Oma 
Town, Aomori Prefecture, scheduled to start up in 
2002. 


(3) FBR Spent Fuel Reprocessing 


The reprocessing technology of the FBR spent fuels has 
been studied by the PNC. Construction of the Recycling 
Equipment Test Facility (RETF) is planned for the 
future. 


(4) MOX Spent Fuel Fabrication 


Taking into account the plan for the utilization of 
plutonium by LWRs and the start of operation of the 
Rokkasho Reprocessing Plant (scheduled for the year 
2000), it is required to undertake the domestic MOX 
fuel fabrication of about 100 tons annually on a com- 
mercially viable basis. 


As regards the plutonium recycled by overseas repro- 
cessing, it is appropriate that an adequate amount of 
MOX fuel is fabricated abroad for a certain period; 
thus, a study for this purpose is called for. 


(5) Transportation of Plutonium 


The plutonium to be used for replacement fuel fabrica- 
tion for the prototype FBR “Monju” was successfully 
transported by sea from France to Japan from 
November 1992 through January 1993. 


This transportation of plutonium was the first transpor- 
tation conducted in compliance with the guidelines for 
sea transportation in the New Japan-U.S. Atomic 
Energy Cooperation Agreement. 


It was pertormed under a careful plan and ended 
successfully escorted by the patrol boat “Shikishima” of 
the Maritime Safety Agency to ensure the safety of 
transportation. 
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5. Back-End Policy on Nuclear Energy 


(1) Treatment and Disposal of High-Level Radioactive 
Waste 


It is decided that high-level radioactive waste should be 
vitrified in stainless steel containers, stored for about 
30-50 years for cooling and then be subjected to disposal 
in underground formations deeper than several hundred 
meters below the surface. 


The Steering Committee on High-Level Radioactive 
Waste Project was founded in May 1993 to enable the 
smooth promotion of preparation of high-level radioac- 
tive waste. Research and development work for the 
underground disposal of high-level radioactive waste 
has been performed by the PNC as the core promotion 
organization. The Storage and Engineering Center 
Project at Horonobe Town, Hokkaido, aims to make an 
integrated research center for research and development 
activities for geological disposal. 


(2) Treatment and Disposal of Low-Level Radioactive 
Waste 


As for land disposal, a low-level radioactive waste burial 
center has started operations in Rokkasho Village, 
Aomori Prefecture, since December 1992. 


In April 1993, the Russian government announced that 
they had dumped radioactive waste in the Sea of Japan 
and other seas. Responding to this problem, the govern- 
ment authorities including the Science and Technology 
Agency made a study on radioactivity in the sea envi- 
ronment. As a result, the government announced that 
the dumping would not harm the people of Japan. 


This was followed by the sea dumping of radioactive 
waste by Russia in October. The Japanese government 
expressed their strong concern over the issue and made 
a strong request to stop further dumping immediately. 
Russia stopped the scheduled second dumping in 
response to Japan’s request. 


(3) Transportation of Radioactive Waste 


Low-level radioactive waste generated by Japanese 
nuclear power stations is transported from each station 
to Rokkasho Village by the transportation ship ‘‘Seiei 
Maru.” 


High-level radioactive waste generated from repro- 
cessing abroad and returned to Japan is planned to be 
transported to the waste management facility scheduled 
to start its operation in 1995. 


(4) Decommissioning of Nuclear Facilities 


The Japan Atomic Energy Research Institute (JAERI) 
has been addressing research and development activi- 
ties for reactor decommissioning using the Japan Power 
Demonstration Reactor (JPDR) as a model. 


JAERI has a plan for the disposal of dismantled con- 
crete waste. This is waste with an extremely low level of 
radioactivity, generated from decommissioning of 
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reactor faciities since the Enforcement Act for the 
Reactor Regulation Law was revised in September 
1992. 


Current Status of International Cooperation 


—In March 1993, the Fourth International Conference for 
Nuclear Cooperation in Asia was held in Tokyo under the 
sponsorship of the Atomic Energy Commission of Japan; 
the participating nations exchanged opinions concerning 
matters such as peaceful utilization of nuclear energy. 


—Japan is extending active and wide-ranging cooperation 
with Asia and the Pacific Region under the sponsorship of 
the IAEA in the field of RI and radiation use. 


Promotion of Public Understanding and Cooperation 


The development and the utilization of nuclear power in 
Japan are promoted under democratic management on the 
basis of the Atomic Energy Basic Law only for peaceful use; 
therefore, transparency of information is important. 


Nevertheless, from the standpoint of protecting nuclear 
substances, such information related to the shipment of 
nuclear materials should be handled with circumspection, 
and this kind of handling is internationally established 
practice. There is one more thing to be considered with 
regard to the disclosure of nuclear information. Since pri- 
vate companies hold property rights for technology involved 
in nuclear development, the government is not able to 
disclose technical information without their express permis- 
sion. 


However, it is Japan’s basic policy to disclose as much 
information as possible sice it is futile to treat information 
as confidential just because of the sensitiveness of the 
information related to nuclear substances, nonproliferation 
and protection of property rights, and this should be 
avoided. 


Summary of FY1993 White Paper on Nuclear 
Safety 

43070094E Tokyo SCIENCE & TECHNOLOGY IN 
JAPAN in English Jan/Mar 94 pp 21-24 


[Text] 


Part 1. Current Situation of Nuclear Safety Assurance 
Measures 


Chapter 1: Activities of Nuclear Safety Commission 


--The Nuclear Safety Commission is conducting licensing 
reviews, improving guidelines, etc., holding public hear- 
ings and promoting safety researches. 


(1) Licensing reviews 


There are 23 cases in which the Nuclear Safety 
Commission conducted double checking and made 
reports between April 1992 and September 1993, 
including one for law revision. The following are 
some of the cases. 
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—Introduction of a new-type steam generator in the unit 
No. 2 of the Mihama Power Station of Kansai Electric 
Power Co., Inc. (August 1992) 


—Designation of reprocessing business at the Rokkasho 
Reprocessing and Waste Disposal Plant of Japan Nuclear 
Fuel, Ltd. (December 1992) 


Safety of the reprocessing facilities of the power reactor and 
Nuclear Fuel Development Corporation after approval of 
installation changes (such as installation of recycling equip- 
ment testing facilities) 


(2) Improvement of guidelines 


Newly worked out and revised guidelines (between April 
1992 and September 1993): 


—Performance Evaluation Guide for the Emergency Core 
Cooling System of Light Water Power Reactors (revised 
in June 1992) 


—Disaster Measures for Vicinity of Nuclear Power Plant, 
etc. (revised in June 1992) 


—Guideline for Environmental Radiation Monitoring at 
Emergency (revised in June 1992) 


—Fundamental Guidelines of Licensing Review of Land 
Disposal Facility of Low-Level Radioactive Waste 
(revised in January 1993) 


Chapter 2: Safety Regulations and Safety Assurance at 
Nuclear Facilities, etc. 


Safety controls at nuclear facilities are being conducted on 
the basis of laws by government ministries and agencies in 
charge. 


—Experimental reactors, power reactors in research and 
development stage: Science and Technological Agency 


—Nuclear power reactors: Ministry of International Trade 
and Industry 
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—Marine reactor: Transport Ministry 


—Nuclear fuel facilities: Science and Technology Agency, 
etc. 


The Nuclear Safety Commission double checks such safety 
control by government ministries and agencies on their 
inquiries from objective, scientific and technological view- 
points. 


(1) Nuclear power reactors 


The nuclear power reactors that started operation between 
April 1992 and September 1993: 


Unit No. 4 of Ohi Power Station of Kansai Electric Power 
Co. (February 1993) 


Unit No. | of Shiga Nuclear Power Station of Hokuriku 
Electric Power Co. (July 1993) 


Unit No. 3 of Kashiwazaki-Kariha Nuclear Power Station of 
Tokyo Electric Power Co. (August 1993) 


Unit No. 4 of Hamaoka Nuclear Power Station of Chubu 
Electric Power Co. (September 1993) 


(2) Experimental and research and development reactors 


The Science and Technology Agency is fully in charge of 
securing safety in designing, construction, operation and 
decommissioning of these kinds of reactors. 


—Troubles in fiscal 1992 (subject to laws)—4 cases 
—Situation of installation as of the end of June 1993 
In operation—20 units 

Under dismantlement—S units 

'Inder construction—4 units 

In preparation for construction—1 unit 


The Japan Power Development Reactor is now under 
dismantlement to develop dismantlement technology and to 
carry out on-the-spot experiment to help future demolition 
measures of commercial power reactors. 





Table 1. Troubles in the Past 




















Contents 1988 1989 1990 1992 
Number of cases (subject to laws) 23 22 24 20 20 
Number of reactor units 36 37 39 41 42 











(3) Nuclear fuel facilities 


Safety control is done by the Science and Technology 
Agency. In case officials other than members of the Power 
Reactor and Nuclear Fuel Development Corporation are to 
conduct smelting work, the control is done by the Science 
and Technology Agency as well as the Ministry of Interna- 
tional Trade and Industry. 


—Troubles in fiscal 1992 (subject to laws)—3 cases 


—Rokkasho reprocessing facilities (Rokkasho Works) 


The plan to construct Rokkasho reprocessing facilities of 
Japan Nuclear Fuel, Ltd., was approved in December 1992 
after examinations by the Science and Technology Agency 
and double checks by the Atomic Energy Commission and 
the Nuclear Safety Commission. Later, in April 1993, initial 
designing and method of construction were approved and 
construction works are now under way. 
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Table 2. Situations Regarding the Storage of Low-Level Radioactive Waste (Approximate amounts of low-level 


radioactive waste) 








Item At the end of At the end of At the end of At the end of At the end of 

fiscal 1988 fiscal 1989 fiscal 1990 fiscal 1991 fiscal 1992 
Low-level radioactive waste, etc. 739,500 cans 759,600 cans 780,300 cans 805,500 cans 820,400 cans 
(Translated into 200-liter drum cans) 




















(4) Issue of processing radioactive waste 
—Rokkasho low-level radioactive waste burial facilities 


The permission to construct Rokkasho low-level radioactive 
waste burial facilities of Japan Nuclear Fuel, Ltd., was given 
in November 1991 and construction works followed. The 
burial business started in December 1992. In fiscal 1992, a 
total of 6,080 drum cans of low-level radioactive waste were 
transferred from three nuclear power plants. 


(5) Transport of nuclear fuel material, etc. 


Safety control of transportation of nuclear fuel, etc., on land, 
by sea and by air is done by government offices in charge 
under the Nuclear Regulations Law, the Ship Safety Law 
and the Civil Aeronautics Law, respectively. 


—Plutonium transport by “Akatsuki Maru” 


Between early November 1992 and January 1993, about 1.1 
tons (in the amount of fissile plutonium) of plutonium was 
transported by sea aboard “Akatsuki Maru” from France to 
Japan. The plutonium was to be used in making exchange 
fuel for “Monju.” 


The transport was mainly handled by the Power Reactor 
and Nuclear Fuel Development Corp. and the transport ship 
was escorted by patro! boat “Shikishima” of the Maritime 
Safety Agency. There were other cooperations rendered by 
related organs. 


The transport route started at Cherbourg in France and the 
ship traveled to Japan by sailing south on the Atlantic 
Ocean and via the Indian Ocean and the South Pacific. The 
mission was safely completed with elaborate plans, which 
included installation of a satellite navigation device and a 


radar to prevent a collision, double hulls, a fire-prevention 
structure and a system of filling the hold with water should 
an accident occur. 


(6) Facilities to handle radioactive isotope 


Safety control related to handling of radioactive isotope is 
conducted by relevant government ministries and agencies, 
based on the laws for prevention of radiation troubles, labor 
safety and hygiene, medication and pharmaceutical affairs. 


—The number of institutes handling radioactive isotope as 
of the end of March 1993 was 5,176. 


Chapter 3: Survey on Radioactivity in Environment 


—Russia announced in April 1993 a white paper on results 
of a survey done by a government committee on dumping 
of radioactive waste in the ocean by the former Soviet 
Union and Russia. 


After this announcement, the Supervisory Board on Radia- 
tion Protection, headed by director-general of the Science 
and Technology Agency and comprising officials of related 
government ministries and agencies, held a meeting and 
consulted on steps to be taken. 


As a result, Japan urged the Russian government to offer 
detailed information and marine environment radioactivity 
surveys were carried out in the Japan Sea from April 
through June by the Science and Technology Agency, the 
Fisheries Agency, the Maritime Safety Agency and the 
Meteorological Agency. 


The survey results were compiled at a meeting of senior 
members of the Supervisory Board on Radiation Protection 
on August 30 the same year and a view was expressed to the 
effect that ‘‘according to surveys carried out till present, no 
harm is done to Japanese nationals by the marine dumping 
in this case.” 





Table 3. Confirmed Transport of Nuclear Fuel Materials for Nuclear Power Plants (Unit:ton uranium) 

















1988 1989 1990 1991 1992 
Times Volume Time Volume Times Volume Times Volume Times Volume 
New Fuel 36 555 41 760 43 705 48 781 47 748 
UF6 79 652 91 703 80 655 102 802 86 760 
UO}, etc. 54 854 50 872 56 941 61 915 66 1112 
Assembly 
Spent fuel 36 484 33 515 45 469 46 494 4\ 478 



































Note: This table is about nuclear fuel materials subject to confirmation. UF¢ refers to uranium hexafluoride, UO? to uranium dioxide, uranium 
trioxide and other uranium oxide and assembly refers to new fuel assembly. 





On October 17, 1993, Russia dumped 900 cubic meters 
(0.38 curie) of liquid radioactive waste into the Sea of Japan 
off Vladivostok. The Supervisory Board on Radiation Pro- 
tection held a meeting of senior officials on October 20 the 


same year, decided to conduct a survey on marine environ- 
ment radioactivity in the Sea of Japan with related Japanese 
government ministries and agencies participating in the 
survey and started the survey the same day. 
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Japan consulted with Russia at the Japan-Russia Technical 
Committee meeting from October 27 through October 30 
and at the Japan-Russia Joint Working Group meeting on 
November 10-11, held in Moscow and Vladivostok, to 
unravel actual situation of this dumping and expedite 
marine survey in the dumping zone. 


As a result, preparations are under way for starting a joint 
marine survey in the dumping sea zone by Japan, Republic 
of Korea and Russia in mid-January, 1994. 


Chapter 4: Disaster Prevention Measures Around 
Nuclear Power Plants, etc. 


—Disaster prevention systems exist on the basis of the 
Immediate Measures on Disaster Prevention for Nuclear 
Power Plants, etc. (decided in July 1979 by the Central 
Disaster Prevention Council), the Measures on Disaster 
Prevention Around Nuclear Power Plants, etc. (decided 
in June 1980 by the Nuclear Safety Commission and 
partially revised in March 1989 and June 1992), and 
various kinds of guidelines and manuals. All come under 
the Basic Law for Disaster Prevention. 


Chapter 5: Nuclear Safety Research 


—Safety research is comprehensively and systematically 
promoted on the basis of yearly plans decided by the 
Nuclear Safety Commission 


Chapter 6: International Cooperation 


—Stated here are multinational cooperation among Japan, 
the International Atomic Energy Agency (IAEA), the 
Organization for Economic Cooperation and Develop- 
ment (OECD), the Nuclear Energy Agency (NEA), etc., as 
well as bilateral cooperation, including exchange of regu- 
lation information, with the United States, France, Ger- 
many, Sweden, Republic of Korea, etc. 


—Movements for nuclear safety in Russia are stated as part 
of cooperation for safety at nuclear power plants in the 
former Soviet Union and Central and Eastern Europe. 


—Statements also include sea dumping by the former Soviet 
Union and Russia, the accident at Tomsk 7, etc. 


Part 2. Safety Assurance Related to Use of Plutonium 
at Nuclear Reactor Facilities for Power Generation 


Chapter 1: Safety Assurance at Nuclear Reactor 
Facilities for Power Generation 


(1) Basic ideas for safety assurance at nuclear reactor facil- 
ities for power generation 


Purpose: Not to actualize the latent dangers of radioactive 
material that is generated by fission, etc., and is accumu- 
lated in nuclear reactor. 


Idea for safety assurance: 


—Reduction of radioactive material in normal operational 
condition based on the idea of “as low as reasonably 
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achievable” (ALARA) of the International Commission 
on Radiological Protection (ICRP). 


—Safety measures by multiple protection policy (1. Preven- 
tion of the occurrence of the abnormal event during 
operation. 2. Prevention of the expansion of the abnormal 
event and its development into an accident. 3. Prevention 
of abnormal emission of radioactive material into periph- 
eral environment.) 


—Separation from nearby general public. 


(2) Safety regulation and safety examination of nuclear 
reactor facilities for power generation 


—Explained here are safety examination at the time of 
permitting construction and safety regulations for various 
subsequent stages, including detailed designing, construc- 
tion and operation. 


—Explained here are safety examinations of each examina- 
tion item. 


(3) Safety assurance related to use of plutonium fuel 


—Stated here are natures of plutonium and their effect to 
human body. 


—Explained here are policies of safety assurance in use of 
plutonium fuel (safe level of radiation dosc). 


Chapter 2: Safety Assurance for Fast Breeding Reactor 
(1) Outline of fast breeding reactor 


—Fast breeding reactor is an epoch-making nuclear reactor 
that produces more nuclear fuel than is consumed in 
generating power. It is hoped to largely reduce Japan’s 
reliance on imported natural uranium in the future and to 
basically settle problems about conservation of nuclear 
fuel resource. The research and development of this 
reactor are being promoted jointly by various related 
organs under the lead of the Japan Atomic Power Co. 


—The criticality of a fast breeding reactor “Monju” is 
scheduled to be reached in April 1994. Later, reactor 
physics tests to check the reactor’s nuclear characteristics 
will be held. Nuclear heating tests to confirm the perfor- 
mances of turbine, etc., by raising output will also be held 
along with output tests. Performance tests are scheduled 
to be completed around December 1995. 


(2) Safety assurance and safety regulation for fast breeding 
reactor 


—Necessary safety assurance steps shall be taken based on 
policies like those for nuclear reactors for power genera- 
tion. 


—Expiained here are outlines of safety regulations centered 
on safety examinations of “Monju.” 


—Steps are being taken to prevent troubles similar to those 
experienced in EBR-| and the Fermi reactor of the 
United States, the Phoenix reactor of France and other 
fast breeding reactors abroad in developing Japanese fast 
breeding reactors. 
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Chapter 3: Safety Assurance of Advanced Thermal 
Reactor 


(1) Outline of advanced thermal reactor 
—Advanced thermal reactor has the following characteristics: 


1. It can use a variety of nuclear fuels, including pluto- 
nium. (It can use recovered uranium and depleted 
uranium. Loading of mixed-oxide (MOX) fuel at all 
cores is possible.) It can be operated with provision of 
natural uranium, in particular. 


2. It exceeds in efficiency in nuclear fuel use. It can 
reduce required amount of natural uranium and the 
required degree of uranium enrichment. It can effi- 
ciently provide plutonium to fast breeding reactors, 
when they are commercialized. 


3. It can complement until full plutonium use by fast 
breeding reactors starts. Japan now has “Fugen” oper- 
ating as the advanced thermal reactor. 


(2) Safety assurance and safety regulations for advanced 
thermal reactor 


—Like light water reactor, advanced thermal reactor carries 
the latent danger of hurting the general public around the 
facility when radioactive material, accumulated inside 
the reactor during operation, should abnormally leak to 
peripheral environment. Safety assurance steps are being 
taken for advanced thermal reactor like the case of fast 
breeding reactor. 


—The Nuclear Safety Commission, on the basis of the 
experiences gained through designing, constructing, oper- 
ating, etc., the “Fugen,” has compiled “Basic ideas on 
safety evaluation of advanced thermal demonstration 
reactor” (decided by the commission on June 9, 1988) 
after studies and discussions. Safety evaluation of 
advanced thermal demonstration reactor shall be done 
accordingly. 


Chapter 4: Safety Assurance of “Plutonium Use by 
Light Water Reactor” (Plutonium Thermal Use) 


(1) Outline of plutonium use by light water reactor 


—It is expected to take a considerable period of time for 
Japan to fully operate a fast breeding reactor. On the 
other hand, there is need to realize use of a certain scale of 
plutonium as soon as possible from standpoints of devel- 
oping technology and system related to use of plutonium. 
The plutonium use by light water reactor is designed to 
efficiently use plutonium until a fast breeding reactor is 
put into practical use. 


Normally, light water reactor employs slightly enriched 
uranium as fuel. In the plutonium use by light water reactor, 
uranium-plutonium mixed-oxide (MOX) fuel is used. It is 
mixed-oxide of plutonium and natural uranium (or recov- 
ered uranium after spent fuel reprocessing or depleted 
uranium from a uranium enrichment plant). 
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When MOX fuel and uranium fuel are compared from the 
standpoint of nuclear properties, the MOX fuel has gener- 
ally the following characteristics: 


—The reduction in reactivity by combustion is smaller, 
compared with uranium fuel. 


—The effect of control rod absorbing neutrons lowers 
relatively. Local outputs tend to rise. 


—When reactivity rises, the force to lower the reactivity 
(minus reactivity feedback) becomes strong. 


(2) Safety assurance and safety regulations for plutonium 
use by light water reactor 


—Explained here are ideas for safety assurance (points to be 
cared and steps to be taken in using MOX fuel) and 
outline of safety examinations, taking up demonstration 
plan at the Tsuruga No. I reactor of the Japan Atomic 
Power Co., as an example. 


—Also explained here are ideas for safety assurance for 
future full use of plutonium by light water reactors. 


Japan’s Cooperation With Neighboring Asian 
Countries in the Nuclear Field 


43070095A Tokyo FIFTH INTERNATIONAL 
CONFERENCE FOR NUCLEAR COOPERATION IN 
ASIA in English 1 Mar 94 pp 2-8 


[Speech by Akira Oyama, vice-chairman, Atomic Energy 
Commission of Japan, delivered at the Fifth International 
Conference for Nuclear Cooperation in Asia held in Tokyo, 
1 March 1994] 


[Text] Mr. Chairman and ladies and gentlemen. This is our 
fifth conference. 1 am very glad to see it has become 
established as an occasion where many people responsible 
for nuclear development throughout Asia exchange their 
opinions. I am also glad that research cooperation and 
information exchange have been facilitated by the positive 
participation of these people. I am very honored that I have 
an opportunity to make a speech here today. 


1. Main events in Japan’s nuclear development over the 
past year 

At last year’s conference, I mainly explained Japan’s nuclear 
fuel recycling policies and their basic ideas. I chose the 
subject because you had great concern about the plutonium 
which had been transported by sea from France to Japan 
between 1992 and 1993. I explained to you that the pluto- 
nium transported then was to be used for ““Monju”’ which is 
a fast breeder reactor. Thanks to your understanding, 
“Monju” has been completed and is scheduled to become 
critical for the first time next month. 


Now I will briefly tell you what has been happening in 
Japan’s nuclear development over the past year. In April last 
year, the construction of the Japan Nuclear Fuel’s Rokkasho 
reprocessing factory started with the aim of becoming 
operational at the beginning of the next century. Also in 
April, the general conference of the World Association of 
Nuclear Operators (WANO) was held in Tokyo. In May, the 
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High-Level Radioactive Waste Project was organized. There 
is a policy to dispose of Japan’s high-level radioactive waste 
in deep strata starting around 2030 or 2045. This organiza- 
tion is in charge of investigating all relevant matters for the 
project. 


As far as nuclear power generation is concerned, four power 
reactors started their operations over the past year. Japan 
now has 46 nuclear power reactors with an output of 37 
million kilowatts. 


Japan is an industrial country with a large population and 
very few natural resources. Nuclear power generation is an 
important form of energy for Japan. We would like to 
promote nuclear power generation strictly observing Japan’s 
basic policies concerning nuclear development: “limited to 
peaceful uses of nuclear energy” and “ensuring safety.” 


In addition, we cannot say there is no possibility of nuclear 
proliferation under the current world circumstances. We 
would like to make our best efforts to promote both nuclear 
nonproliferation and peaceful nuclear utilization. 


2. Japan’s basic policies concerning cooperation in the 
nuclear sector with neighboring Asian countries 


Today, I would like to tell you about the basic policies and 
current status concerning nuclear cooperation, mainly with 
neighboring Asian countries. 


Cooperation in the field of nuclear energy between Japan 
and neighboring countries actually started with the ‘““Promo- 
tion of Cooperation with Developing Countries in the Field 
of Nuclear Energy” which was introduced by the Atomic 
Energy Commission in December 1984. According to this 
ruling, cooperation with developing countries should be 
promoted because it is in accord with the spirit of Article 2 
of the Atomic Energy Basic Law: “To willingly contribute to 
international cooperation.”’ Japan should also contribute to 
establishing a world system of nuclear nonproliferation as 
well as insisting on peaceful utilization through the strict 
observation of the spirit of the Atomic Energy Basic Law. 
Furthermore, the following three points should be consid- 
ered when cooperation is actually implemented. First, it is 
important to consider the need for the nuclear development 
in each country and its stage of utilization. Cooperation 
should focus on the improvement of the research and 
technology bases which are necessary for the promotion of 
independent and steady nuclear development in each 
country. Second, the approach to cooperation should focus 
on, most of all, a wide variety of public and private 
personnel exchanges. And mutual research exchanges that 
meet the needs of each country should be positively pro- 
moted. Third, in order to facilitate comprehensive and 
long-term cooperation, nuclear cooperation should be 
enhanced on a bilateral basis in the future. For this purpose, 
it is desirable to establish an appropriate cooperative frame- 
work such as, agreements on nuclear cooperation. 


In 1987, the Long-Term Program for the Development and 
Utilization of Nuclear Energy was revised. It says, “The 
Asian region which is closely linked to Japan geographically 
and economically has common problems in the field of 
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nuclear energy such as the utilization of radiation and 
research reactors, the introduction of nuclear power gener- 
ation systems and measures to ensure safety. In solving 
these common problems, total regional cooperation is nec- 
essary to utilize limited funds, human resources, and 
research and development resources most effectively and 
efficiently.” It put a heavier stress on the necessity for 
nuclear cooperation between Japan and its Asian neighbors. 


At present, the Long-Term Program for the Development 
and Utilization of Nuclear Energy is under review. We are 
discussing what form this future cooperation should take. 


3. Bilateral agreements and cooperation through 
international organizations 


(1) Bilateral cooperation based on nuclear cooperative 
agreements. 


Japan has agreed to cooperate with China and Korea among 
other neighboring Asian countries. The details on this 
cooperation under the framework agreements with each 
country are as follows: 


1) China 


In 1986, the Japan-China Nuclear Cooperative Agreement 
first came into effect. Under this agreement, Japan exported 
pressure vessels, etc., to the Qinshan Nuclear Power Sta- 
tions in China. In addition, comprehensive arrangements 
were agreed upon between the Japan Atomic Energy 
Research Institute and the China National Nuclear Corpo- 
ration. Various cooperative activities have been carried out 
in the research sector such as research into safety in light 
water reactors, radioactive waste management, radiation 
protection and environmental safety, and utilization of RI 
(radioisotope) and radiation. 


2) Korea 


In 1990, the Japan-Korea Nuclear Cooperative Arrange- 
ments were agreed. Cooperation was agreed with respect to 
the following fields: 1) safety in relation to the activities at 
nuclear power stations, 2) radiation protection and environ- 
ment monitoring, and 3) research into radioisotopes and 
radiation. In addition, nuclear conferences have been held 
each year since 1990 to exchange information and opinions. 


Further, the Ministry of International Trade and Industry 
and the Korea Atomic Energy Bureau have agreed upon the 
Arrangements for Cooperation in the field of Safety of 
Nuclear Power Generation. Many projects have been car- 
ried out such as technical exchanges concerning safety 
inspections at nuclear power stations. 


(2) Regional cooperation through international 
organizations 


Next, I would like to introduce the regional cooperative 
activities sponsored by the IAEA. As you already know, the 
iAEA has a Regional Cooperative Agreement (RCA) in 
which 15 countries are participating at present. 


Under the RCA, many projects are being carried out such as 
medical utilization of RI and radiation, environmental 
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preservation and radiation protection. Japan is also posi- 
tively participating in this agreement in the following fields: 


1) Medical utilization of RI and radiation 


In the medical sector, Japan is making a contribution in 
the fields of cancer treatment and nuclear medical sci- 
ence by utilizing the knowledge and experience of the 
National Institute of Radiological Sciences in addition to 
making special financial contributions. 


2) Environmental preservation 


Projects in the industrial sector are the major ones under 
the RCA. In addition to the financial contributions, 
Japan is providing technical assistance through the par- 
ticipation of the Japan Atomic Energy Research Insti- 
tute, the Non-Destructive Inspection Association, etc., in 
various fields such as sterilization of medical equipment, 
nondestructive inspections and the application of indus- 
trial management to the paper and steel industries. Since 
last year, in view of the importance of environmental 
preservation, etc., the industrial utilization sector has 
changed its title to the environmental preservation 
sector. Japan is offering training courses, dispatching 
experts and specialists, etc. 


3) Radiation Protection 


The Japan Atomic Energy Research Institute, the Power 
Reactor and Nuclear Fuel Development Corporation and 
the National Institute of Radiological Sciences are dis- 
patching experts and offering training courses, etc. 


To be specific, they offer training courses and workshops 
on technology concerning measuring methods for indi- 
vidual radiation exposure doses and radiation in the 
environment. They are also providing research assistance 
in collecting and analyzing data about the constitutions 
of the Asian people which is necessary to determine the 
standards and countermeasures for radiation protection. 


4) Agricultural utilization of RI and radiation 


With respect to the agricultural sector under the RCA, a 
wide variety of research activities have been carried out 
such as the breeding of beans and rice, and food irradi- 
ation. In particular, Japan is making a special contribu- 
tion to research into food irradiation. This research is an 
important subject for many countries in terms of food 
preservation and sanitation. Therefore, all countries are 
showing a strong interest in this field. 


4. International Conference for Nuclear Cooperation in 
Asia 


Next, I will tell you about activities under the framework of 
this international conference. This agreement went into 
effect in 1990 when the First International Conference for 
Nuclear Cooperation in Asia was held in Tokyo. It was 
decided that this agreement and the one under the RCA 
should supplement each other. As you have already known, 
the following four programs have been agreed upon and 
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implemented as the current areas for cooperation: 1) utili- 
zation of research reactors, 2) medical utilization of radia- 
tion, 3) agricultural utilization of radiation, and 4) PA 
(public acceptance). We think certain results have been 
obtained such as in neutron scattering research by utilizing 
the MPR-30 research reactor in Serpong, Indonesia; coop- 
eration in medical utilization led by Australia; a feasibility 
study for a fly extermination project by the SIT in Thailand; 
and information and opinion exchange concerning PA. 


5. Cooperation Through the Japan International 
Cooperation Agency (JICA) 


The JICA has been involved in cooperative programs in the 
nuclear sector for neighboring countries through human 
resource exchange and the provision of equipment. 


(1) Exchange of human resources 


Since 1985, the JICA has been offering group training 
and educational programs such as nuclear power gener- 
ation courses, nuclear basic experiment seminars, medi- 
cal/biological seminars on isotopes and radiation as well 
as dispatching experts at the request of individual coun- 
tries. 


(2) Provision of equipment 


Through the JICA we provided a neutron diffractor to 
the research reactor at Surubon, Indonesia, in 1986; and 
in 1989 an electron accelerator and related experimental 
equipment to Malaysia as part of a project which con- 
tinues until July this year. We also helped to train 
personnel to operate this equipment. 


6. Other activities. 


In addition to what I have already told you, the following 
individual programs have been carried out centering on 
personnel exchanges in the Asian region: 


(1) The Scientists Exchange Program for Nuclear Energy 
Research 


The Scientists Exchange Program for Nuclear Energy 
Research was started in 1985 to invite research workers 
from developing countries and to dispatch Japanese 
research workers. Research workers have been accepted 
at the Japan Atomic Energy Research Institute. the 
Power Reactor and Nuclear Fuel Development Corpora- 
tion, the National Institute of Radiological Sciences, the 
Institute of Metal Material Technology, the Institute of 
Electronic Technology and the Japan Analysis Center. 
We have seni many experts to nuclear related institutions 
in each country. 


(2) International Invitation Program for Safety Manage- 
ment NPPs 


Since 1992, in order to improve the technology and 
consciousness concerning the safe management of 
nuclear power generation, we have started a program to 
invite about 1,000 people from the former Soviet Union, 
the East European countries and the Asian countries over 
a period of 10 years. 
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(3) International Seminar on Nuclear Safety 


In addition, since 1992, as a new cooperative activity 
with Asian countries, we have been inviting persons in 
charge of nuclear development from these countries to 
Japan and offering training and educational programs 
about nuclear safety that last for about three weeks. In 
the programs, they listen to lectures about nuclear safety 
control, assessment and analysis of reactor safety, reactor 
behavior in emergencies, etc., and they visit the facilities 
of the institutions concerned. 


(4) Seminar on Nuclear Administrators 


Since 1983, in addition, we have been inviting nuclear 
related administrators and experts to Japan to exchange 
opinions and to have a better understanding of Japan’s 
policies for nuclear development and utilization through 
their visits to nuclear facilities in Japan. 


(5) Cooperation led by the private sector 


Since 1985, the Japan Electric Power Information Center 
has been leading a program to dispatch experts and 
accept research students through the support of power 
operators and manufacturers. This program is intended 
for countries in their initial stage of nuclear power 
generation. So far, we have been involved with China and 
Indonesia. 


In 1989, the World Association of Nuclear Operators 
(WANO) was established as an international organiza- 
tion for nuclear information exchange between opera- 
tors. A total of 136 operators are participating. Japan has 
its Tokyo Center where the operators of Japan, Korea, 
Taiwan, India and Pakistan are participating. They make 
arrangements for exchange visits and organize seminars. 


Having introduced the fields in which cooperation is taking 
place, I would now like to move on to the conclusion of my 


speech. 


We are about to enter the era of the Asia-Pacific region. 
Indeed, the economic growth of the East Asian countries 
excluding Japan has been remarkable over the last several 
years. So has their energy demand. Some of them cannot be 
called developing countries any longer. In many of today’s 
lectures concerning the nuclear energy, we heard a lot about 
progress in the utilization of isotopes and radiation, new 
plans for research reactors, and plans for the introduction of 
nuclear power stations. It will be very gratifying if peaceful 
nuclear utilization can make progress in this region. How- 
ever, I think there are some problems to overcome to make 
this happen. Such problems include (1) promoting public 
understanding, (2) personnel training and development, and 
(3) improving safety control systems. Therefore, I think it 
has and will continue to become more important that each 
country cooperates with the others to achieve effective 
management of human resources, funds, etc. 


I am looking forward to an active opinion exchange con- 
cerning future effective cooperation at the “round-table 
discussion” which is scheduled later on. We would like to 
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reflect your opinions in Japan’s new Long-Term Program 
for the Development and Utilization of Nuclear Energy. 


I understand everyone attending here today will play a key 
role in this cooperation. I would like to conclude my speech 
by wishing you success in each of your fields and with the 
hope that Asian nuclear cooperation may improve further. 


Thank you very much for your attention. 


The Rationale of Japan’s Nuclear Power Policy 
43070097A Tokyo JAPAN 21ST in English Feb 94 p 13 


[Article by Yasuo Hayashi, director general, Natural 
Resources and Energy Policy, Agency of Natural Resources 
and Energy] 


[Text] Since Tokai Nuclear Power Station started operation 
in 1966, Japan’s nuclear power generation has achieved 
steady expansion in spite of repeated setbacks including two 
oil crises, the accident at the atomic plant on Three Mile 
Island in the United States in 1979 and the Chernobyl 
disaster in the former Soviet Union in 1986. The nuclear 
cycle has also made definite progress as seen in the start of 
the construction of fuel reprocessing plants. The environ- 
ment surrounding Japan’s atomic power utilization has 
undergone fundamental changes as explained below. 


(1) Nuclear power has now come to account for about 30 
percent of Japan’s total electric power supply. The 
public acceptance of nuclear power cannot be termed 
adequate either in Japan or abroad. However, nuclear 
power is destined to play an increasingly important role 
in future energy supplies since the emission of carbon 
dioxide is expected to come under stricter control from 
the standpoint of protecting the global environment. 


(2) Public concern regarding nuclear proliferation is wid- 
ening after the termination of the Cold War. The 
Clinton regime of the United States, which came into 
being in 1992, seems to have no intention of revising 
American policy on the peaceful utilization of pluto- 
nium in Japan and Europe, but it will not encourage the 
utilization of plutonium in the private sector in accor- 
dance with the policy of nuclear nonproliferation. Great 
Britain has postponed the start of operations of its fuel 
reprocessing plant (Thorp) in view of the stiff opposi- 
tion. The demonstration fast breeder reactor of France 
(Super Phoenix) was forced to stop operation after 
having trouble, and its character may have to be modi- 
fied if operation is to be resumed. The nuclear cycle 
enterprise in Europe and America has thus encountered 
numerous difficulties. Furthermore, the transport of 
plutonium by the “S.S. Akatsuki Maru” carried out in 
1992 aroused international critical attention to Japan's 
plutonium utilization policy, in particular, and the 
country’s nuclear policy in general. 


(3) The move to introduce nuclear power generation is 
mounting in developing countries and particularly in 
Asian regions. The guaranteeing of safety of nuclear 
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power utilization in these countries is of crucial impor- 
tance for the smooth development of nuclear power in 


Japan as well. A strengthened policy for nuclear nonpro- 
liferation is called for. 


Twenty years have passed since the outbreak of the first oil 
crisis in 1973-74. On this occasion the Advisory Committee 
for Energy, the Agency of Natural Resources and Energy, 
has submitted a report in which a review of the existing 
nuclear regulations is recommended so as to reevaluate the 
previous policy, to increase the efficiency of energy supply 
and the flexibility of the supply structure with an ultimate 
objective of achieving a stabilized energy supply in the 
future. The committee pointed out in this report the need 
for studying the new ranking of atomic power in the energy 
policy after taking into account the abovementioned 
changes in the situation. 


The study should be conducted from a macroscopic stand- 
point comprising the abovementioned recommendations, 
the long-term program for nuclear power development and 
utilization now mapped out by the Atomic Energy Commis- 
sion of Japan, and the environment surrounding atomic 
power in Japan and abroad. The Atomic Power Subcom- 
mittee of the Advisory Committee for Energy started a 
preliminary study in this direction in November 1992. 
Although specific contents depend on future discussions, 
the policy will be highlighted by the following points: 


(1) Measures for higher safety, advancement and public 
acceptance of light water reactors (LWR). 


Light water reactors have already reached a ripe stage 
and constitute the mainstream of nuclear power genera- 
tion. The policy calls for the following measures 
regarding LWR: 


1) realizing higher safety (longer service life, improved 
safety tolerance (countermeasures for severe acci- 
dents), updating of safety regulations, reduction of 
exposure, etc.); 


2) advancement of LWR technology and utilization; 


3) steps regarding decommissioning of nuclear reactors; 
and 


4) stepped-up promotion for public acceptance of 
nuclear energy. 


(2) Promotion of nuclear fuel cycle project 


The establishment of the nuclear fuel cycle is one of the 
pillars supporting Japan’s atomic energy policy. The 
reprocessing recycling policy should be upheld while 
observing the following points: 


1) establishing a basic policy approach for a nuclear fuel 
cycle corresponding to changing environment; 


2) establishing measures to proceed with individual fuel 
cycle projects based on the above requirement (MOX 
fuel processing, development of FBR, enrichment, 
processing of radioactive waste) under a division of 
labor between the government and the private sector. 
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(3) International cooperation of the atomic industry 


1) Building a framework for international cooperation 
regarding nuclear nonproliferation; 


2) establishing a system of international control of 
plutonium; 


3) cooperation regarding the export of nuclear power 
equipment and technology and safety steps for coun- 
tries desiring to introduce nuclear power generation. 


The quantity of fossil fuel consumed by mankind in the 20th 
century is estimated to surpass that consumed since the 
dawn of history to the end of the 19th century. The 
environmental problems represented by global warming 
have recently come to be the focus of worldwide attention in 
recent years. Consistent development of nuclear power will 
become essential for Japan hereafter, since the country 
depends almost entirely on imports for the supply of fossil 
fuel, which must be conserved for future generations and 
since, moreover, the emission of CO,, which always accom- 
panies the burning of fossil fuel, will be placed under stricter 
control. 


Why Japan Promotes Nuclear Power Generation 


43070097B Tokyo JAPAN 21ST in English Apr 94 pp 
22-23 


[Interview by Noboru Ikeda, editor of JAPAN 2iST, with 
Teiiehi Yamamoto, director of the Japan Development 
Bank; date and place not given] 


[Text] Despite an annual increase of worldwide demand for 
energy, new promising resources have not been discovered, 
resulting in a tight long-term energy demand/supply bal- 
ance. Hence it is expected that dependency on existing 
resources will increase further. The International Energy 
Agency (IEA) forecasts that the ratio of the Middle East 
(including Venezuela to some extent) to oil supplies world- 
wide will rise from the current 30 percent to 50 percent in 
the year 2010. 


How will Japan ensure a stable energy supply while dis- 
persing the risk of exclusive dependency on Middle East oil? 


As in the previous issue, JAPAN 2Ist asked Teiichi 
Yamamoto, former Natural Resources and Energy Agency 
director general and now Japan Development Bank 
director, about the future of Japan’s energy policy. 


[Ikeda] You previously said that a nuclear power policy will 
occupy an important place in the future of the nation’s 
energy policy. Please explain in detail why Japan needs to 
vigorously promote nuclear power generation. 


[Yamamoto] I think many people are of the opinion that the 
development of an energy source that replaces oil, currently 
the main source, is a matter of international importance 
now that the worldwide energy demand/supply balance is 
collapsing. In such a situation, nuclear power is an option 
Japan should have. There are two reasons for this. 
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First, there are oil-alternative energies, such as new energies 
available from wind power generation and from the utiliza- 
tion of sunlight, and fossil fuels other than oil, such as 
natural gas and coal. As for new energies, however, they are 
now far from being usable as oil-alternative energies, con- 
sidering the costs involved and supply capacity. As regards 
fossil fuels, they will be depleted sooner or later and their 
use also involves a crucial problem called environmental 
protection. 


In the matter of environmental protection in particular, 
there is naturally a limit to the utilization of fossil fuels 
because of the agreement at the 1992 Earth Summit, that is, 
a quasi-international commitment, so to speak. Given this, 
there is no alternative but to rely on nuclear power as the 
most realistic option. 


Second is the problem of international balance. If energy 
demand increases worldwide, the value of the existing 
energy resources rises naturally. In that event, it is problem- 
atical whether Japan can be justified in continuing to exploit 
limited energy resources by taking full advantage of its 
economic strength. 


Japan, whose responsibility for the world community is 
growing heavier, should also contemplate leaving, in the 
future, the use of oil and other fossil fuels entirely up to 
developing nations. Viewed in this context, it is important 
for Japan, a technological and economic giant, to promote a 
nuclear power policy that aims to develop a safer nuclear 
power generation technology, as well as to reduce depen- 
dency on fossil fuels as far as possible. 


[Ikeda] What do you mean by, more specifically, safer 
nuclear power generation technology? 


[Yamamoto] Basically, handling nuclear energy involves 
great risks, but Japan has maintained high safety standards 
by making the most of advanced technology and well- 
trained specialist personnel. Viewed in the long run, how- 
ever, we cannot deny the possibility of developing nations 
starting nuclear power generation. But the capacity level of 
personnel handling nuclear power generation differs from 
country to country. Therefore, in order to secure interna- 
tional safety standards in nuclear power generation, it would 
be necessary, in terms of an international contribution, for 
Japan to develop nuclear power generation technology that 
can sustain a given level of safety despite personnel changes. 


It would be impossible, in essence, to overestimate the 
importance of safety, hence we should always try to work 
out better standards. In this sense, too, I have stressed the 
importance of “developing less-risk-involving technology.” 


[Ikeda] Promotion of nuclear power generation involves a 
great variety of problems including the siting of nuclear 
power plants. What are the geographical conditions neces- 
sary for nuclear power generation? 


[Yamamoto] For a while after the Chernobyl accident, the 
public was very critical of nuclear power generation. 


In recent years, however, the Chernobyl shock has abated, 
making the siting of nuclear power plants relatively easy, 
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fortunately or not, due, in part, also to the prevailing 
recession. In addition, the necessity and safety of nuclear 
power generation have become better understood in Japan 
as a whole, giving rise to a comparatively excellent mood for 
the promotion of nuclear power generation. But this does 
not justify the mushrooming of nuclear power plants. At this 
time when public understanding toward nuclear power 
generation is deepening, we should ponder better 
locationing for plants. 


If the past process of building nuclear power plants in 
localities to meet power demand in urban regions in return 
for constructing public halls and roads is repeated, large cities 
will inevitably be criticized as being outrageously self- 
centered. In my opinion, power companies are now being 
asked to change their idea and site new nuclear power plants 
in a manner that is tailored more closely to the needs of 
regional societies, from the standpoint of helping promote 
local industries and create better local living environments. 


[Ikeda] How far do you think Japan’s nuclear power gener- 
ation will expand from now? 


[Yamamoto] As regards the levei of nuclear power genera- 
tion, it has already been targeted at 50.5 million kW by the 
year 2000, but this target may fall somewhat short of 
realization. The point of concern is to what level nuclear 
power generation will be disseminated by the year 2010. 
The present goal is set at 72.5 million kW. I think how to 
attain this goal will now be discussed by the Advisory 
Committee for Energy and other relevant bodies. 


No matter how widely nuclear power generation may 
expand, it 1s absolutely unthinkable and undesirable that 
nuclear power plants, now numbering more than 400 world- 
wide, will be increased to several thousands. | previously 
told you that “promotion of nuclear power is Japan's 
present policy.” This is because nuclear power generation ts 
in no way a final solution to the energy problem, though it 
could be a mid- and long-term answer to the problem. 


Therefore, I think a super long-term energy vision with the 
22nd century in mind will be required in promoting nuclear 
power generation from mid- and long-term perspectives. 


[Ikeda] Can I have your views on your own super long-term 
vision? 


[Yamamoto] What we should do first with the future in 
mind is to develop new energies available from photovoltaic 
generation and from the utilization of other natural ener- 
gies, and to promote energy saving. 


The development of new energies may not produce any 
tangible results in a decade, but it can be fully expected that 
they will account for 10 to 20 percent of total energy 
supplies in scores of years. 


As for energy saving, the government is pushing ahead with 
it with zeal, but because of low energy costs, it does not seem 
that such efforts are gaining impetus. However, if the 
development of energy-saving products should disseminate 
in the manufacturing process of electrical appliances and 
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motive power components, it will achieve more tangible 
results than the development of new energies. 


In my view, nuclear fusion and the development of new-type 
cells will become pillars of the future energy policy on the 
basis of these efforts. 

Nuclear fusion has so far been termed “dream energy” 
because it produces vast quantities of energy and also 
because such energy is harmless. Some people maintain that 
nuclear fusion could remain a mere dream, but I believe that 
there is the possibility of it becoming a reality 40 years from 
now. 


Should new-type cells, which are far better than those now 
in use, be developed for use in the storage of electricity or as 
a mobile power source, in addition to nuclear fusion, it will 
supposedly help solve many 2!st-century problems, 
including energy, environmental and urban problems. 


In order for the world to make united efforts to tackle the 
energy problem that lies 100 years ahead, Japan, I believe, 
must forge ahead with the formulation of a super long-term 
policy that will set an international model, and also give full 
play to leadership in international cooperation. 


Development © ° Nuclear Power Safety Support 
Systems 

43070098A Tokyo JAPAN 21ST in English 

Feb 94 pp 18-20 

[Article by Takaaki Yoshida, director, Electric Machinery 
and Consumer Electronics Division, Machinery and Infor- 
mation Industries Bureau, MIT] 


[Text] 
1. Foreword 


Nuclear power generation in Japan has now attained an 


important position as an energy supply source of the nation 
with high plant operational rates and capacity factors. 


However, public concern over the reliability and safety of 
nuclear power plants has been steadily mounting since the 
Chernobyl accident. The advancement of technology is 
essential for enhanced safety in both the reduction of 
accidents and the consideration of human factors. 


The Ministry of International Trade and Industry (MIT) is 
conducting development of the “Nuclear Power Safety 
Support System” (SSS) from this standpoint. The purpose of 
this project is the development of a comprehensive support 
system for performing early detection of anomaly in sub- 
systems and components, high plant automation and 
furnishing advanced operational information by mobilizing 
the latest computer technologies such as neural network 
technology, intelligent control technology and multimedia 
technology. 

The development period extends over eight years from 1992 
to 1999. The development will be carried out by the Nuclear 
Power Gencration Support System Development Associa- 
tion consisting of Japan’s five nuclear power manufacturers, 
namely: Toshiba Corp., Hitachi, Ltd., Mitsubishi Heavy 
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Industries, Ltd., Mitsubishi Electric Corp. and Mitsubishi 
i cotton Bee 

In the meantime, longer service life and an increased 
number of reactors have become a fixed trend for all nuclear 
power plants. The maintenance work for ensuring the safety 
and reliability of nuclear power plants has assumed a 
renewed importance. However, the securing of personnel 
will become more difficult hereafter since the maintenance 
work must often be carried out in radioactive environments 
and in high or narrow places. 

In response, MITI is conducting the development project of 
an “intellectual maintenance system” for performing highly 
reliable and efficient maintenance work by applying 
advanced sensing and robot technology. Robots will even- 
tually relieve the maintenance staff of tedious or dangerous 
work. The schedule extends over the five years 
from 1991 to 1995 with a division of labor by the five 
nuclear equipment makers as in the case of SSS. 


2. Safety Support System of Nuclear Power Plants 
Figure | is a schematic diagram of the entire SSS composition 
and the functions of each subsystem. 


(1) Anomaly Early Detection System 

Based on the process signals and information on equipment 
operation condition and inspection, this system monitors 
the conditions of principal subsystems and components of 
the plant and confirms that they are operating normally. 
When anomaly is detected, the system evaluates what effect 
the anomaly will produce on the subsystems and compo- 
nents and on the plant operation, deduces an adequate 
countermeasure operation and transmits the necessary com- 
mand to the fault tolerant automation system. 

(2) Fault Tolerant Automation System 

The purpose of developing this automation system is to 
expand the scope of automation in plant operation and to 
prevent the spreading of anomaly using the coordinated 
control technology and other methods in case any anomaly 
actually takes place. The development includes technology 
to maintain the control functions of piant operation through 
self-organizing technology and cooperative distribution con- 
trol technology in case the automation systems themselves 
develop trouble. Information on the state of automation 
systems will be transmitted to this fault tolerant automation 


system. 

(3) Human Friendly Man-Machine Interface 

This system combines the information regarding the com- 
prehensive equipment evaluation and automation systems 
and furnishes the information supporting the decisions 
made by human operators. To be developed are the infor- 
mation providing forms applying multimedia technology 
and other expertise and the technology for supporting the 
training of the operation and maintenance staff so that the 
system can unify the management of a large variety of 
information such as plant design data and plant equipment 
inspection data and provide casy-to-understand informa- 
tion to the operation and maintenance staff. 
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Figure 1. A Schematic Diagram of the Entire SSS Composition and the Functions of Each Subsystem 





3. Intellectual Maintenance System 

The purpose of this development project is to furnish a 
reliable and efficient security system through intelligent inter- 
facing and automation of inspection in operating plants, 
underwater inspection and repairs and welding work. The 
data processing technology common to these subsystems is 
also being developed. The last fiscal year which corresponded 


to the second development year was devoted to the develop- 
ment of the elemental technology based on the technical trend 
survey and concept study conducted in the initial develop- 
ment year, which confirmed the technical feasibility of the 
project. The functions of the four subsystems constituting the 
intelligent security system are explained with a conceptual 
diagram of the entire system (Figure 2). 
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Figure 2. A Conceptual Diagram of the Entire Intelligent Security System 
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Inspection System in Operating Plants 





(1) Inspection System in Operating Plants 

This system is aimed at the relieving and supporting touring 
inspections by the maintenance staff in operating nuclear 
power generation plants. Development items are the sensing 
technology, the integrated automation and teleoperated 
control technology and the systematization technology for 
enabling the functioning of each of these technologies as a 
system. 


(2) Underwater Inspection/Work System 

The purpose of this system is to perform in an integrated 
autonomous and teleoperated way the underwater inspec- 
tion and maintenance work in shutdown plants by applying 
various sensing and control devices. The development 
project covers the sensing technology, the integrated auton- 
omous and teleoperated control technology, the operation 
technology and the motion control technology. 
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(3) Fully Automated Welding System 


The purpose of this system is an exposure reduction for 
welding maintenance personnel in the nuclear power plant. 
Development items are the welding sensor, the welding 
condition planning algorithm, automatic welder miniatur- 
ization technology, automated diagnosis technology and the 
overall system. 


(4) Common System of Intellectual Maintenance 


The data processing technology for display and the panel 
display technology constitute the mainstay of this system as 
the man-machine interfacing part of the entire intellectual 
maintenance system for supporting the safety of the main- 
tenance staff during the operation and stoppage of the plant 
by providing needed information. 


4. Conclusion 


The development of the nuclear power plant safety support 
system has now entered the phase of analyzing system 
functions and confirming elemental technology in the 
framework of the feasibility study. The project of the 
intellectual maintenance system has taken over from the 
previous fiscal year the continued development of elemental 
technology and is simultaneously carrying out design and 
manufacture. It is hoped that this development project will 
contribute to the stable progress of future nuclear power 
generation in Japan. 


The 4 Acceptance of Expanded Nuclear 
Power Generation 

43070098B Tokyo JAPAN 21ST in English 

Feb 94 pp 21-22 


[Article by Hirotoshi Inaba, director, Nuclear Power Divi- 
sion Agency of Natural Resources and Energy, MITI] 
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[Text] 


Foreword 


With 85 percent of its energy needs met by imports, Japan is 
in a vulnerable energy position. Thus the importance of 
nuclear power has been stressed as alternative energy to oil 
since the oil crisis in the 1970s. 


Since the first commercial nuclear power station began 
operation in 1966, introduction of nuclear power has been 
expanded during 27 years to a scale of 45 reactors of 37GW. 
As a result, approximately 10 percent of energy, i.e., 27 
percent of electricity is now supplied by nuclear power. 


While our dependence on oil for energy was 77 percent at 
the oil crisis in 1973, it has declined to 57 percent by 1991. 
This trend is expected to continue for some decades to 
come. 


Long-Term Energy Supply and Demand Outlook 


According to the Long-Term Energy Supply and Demand 
Outlook, which was published in 1990 by the Advisory 
Committee of MITI, it is anticipated that energy demand will 
expand, steadily. Even if a great deal of effort is paid for 
saving energy and introducing new energy sources, from the 
viewpoint of protecting the global environment, 72.5GW of 
nuclear power will be needed in 2010. Put another way, 17 
percent of energy, i.e., 43 percent of electricity (for electric 
utilities) will depend on nuclear power in 2010. (See Figure 1) 


Therefore, public acceptance of nuclear power is even more 
important than in the past. 
Nuclear Fuel Cycle 


In order to effectively use the uranium resources, three 
facilities for nuclear fuel cycle were planned to be con- 
structed at Rokkasho Village. Among them, the uranium 
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Figure 1. Electric Power Plant Capacity/Generation Outlook 
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enrichment facility and LLW storage facility have com- 
menced, and the reprocessing facility is now under construc- 
tion. 


Public Opinion on Nuclear Energy 


Recent opinion polls reveal that, though people who agree 
with the necessity of nuclear power plants are more in 
number than those who disagree, a significant number of 
people have questions regarding an increase of nuclear 
power plants. 


Regarding public sentiment on safety of nuclear power 
generation, the ratio of people who have questions on safety 
exceeds those who accept the present safety level. In this 
circumstance, the siting of nuclear power plants has become 
so difficult that it now takes more than 20 years. Thus, 
public acceptance efforts have become more important to 
gain understanding and cooperation of the public. (See 
Figures 2, 3) 
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Figure 2. Public Opinion on Nuclear Power Plants 
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Figure 3. Public Opinion on Safety of Nuclear Power 
Plants (Surveyed by the Prime Minister’s Office in 
September 1990) 











Present Public Acceptance (PA) Activities of MITI 


In 1988, the Promoting Headquarters of Public Acceptance 
for Nuclear Energy was established in the Agency of Natural 
Resources and Energy of the Ministry of International 
Trade and Industry, headed by the Director General of the 
Agency. 


In addition, Promoting Offices for Public Acceptance for 
Nuclear Energy were established in the Agency and other 
local bureaus. 


The following PA activities for the general public are being 
conducted. 


Nuclear Technologies 41 


Toll-free Telephone Q&A Service 


A toll-free service answering the public’s questions on 
energy or nuclear power. (774 inquiries in 1992) 


Lectures 


Lectures for the general public under the theme of energy 
problems are conducted in major cities throughout Japan. 
(In 1992 they were held in 29 cities and attendance num- 
bered 7,998 people.) 


“Atomnet” 


This is a database of information on nuclear power which is 
accessible through a personal computer communications 
network. (Averaged 38 accesses per day) 


Pamphlets, Video, etc. 


Pamphlets and videos explaining the necessity and safety of 
nuclear power, have been prepared and disseminated. 
(Approximately 320,000 pamphlets, Hivision software and 
three-dimensional images software, etc. have been distrib- 
uted.) 


Access Network 


Access points have been designated in public institutions 
throughout Japan to provide information, and Atomnet is 
accessible by personal computer. Literature is also available. 
(36 points of access were installed in 1992) 


Other PA activities specially targeted to certain groups are 
as follows. 


Opinion Leaders 


A monthly newsletter with various articles explaining 
nuclear power in an easy manner is disseminated. (It is sent 
once a month to approximately 30,000 individuals. Number 
58 was published in December 1993.) 


Also many leaflets are available. Pamphlets in easy- 
to-understand expressions with figures are provided to 
explain new energy policies. Such leaflets are provided and 
distributed. (Themes include: global environmental prob- 
lems, supply and demand of energy, radioactive radiation, 
nuclear power, nuclear fuel cycle, etc. Recipients are mem- 
bers of the Japanese Diet, press people, etc.) In addition, 
plant tours to nuclear power stations are conducted. These 
tours are mainly attended by opinion leaders in every region 
in Japan. (38 times a year in 1992) 


Women 


Female monitors on energy problems, called “‘Enemates,” 
are publicly invited and they carry out monitor activities 
such as meetings, tours, questionnairings, etc. (400 persons 
were appointed in 1993.) Articles on energy are inserted in 
women’s magazines so that the general public can develop 
an interest in and better understanding of energy problems. 
(Two magazines, published once a month with a circulation 
of 1,700,000.) 
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Young People and Children 


Moving exhibitions for children have opened so that 
young people and children can gain a better under- 
standing of energy and nuclear power through their 
study and observation. (At three places in 1992, with 
visitors totaling 68,000) 


Wall newspapers which explain energy in an easy manner, 
are published and distributed. (To 25,000 elementary 
schools throughout the country, four times a year.) Educa- 
tional materials (Videos and supplementary readers) are 
provided and distributed. (Supplementary readers are pro- 
vided for elementary schools, 25,000 have been distrib- 
uted.) Energy seminars for social studies’ teachers are held 
in major cities, and tours are also conducted. (15 times in 
1992) 


Local Government Officials 


When accidents or trouble occur at a nuclear facility, 
information is immediately sent by facsimile to 190 local 
governments throughout the country. 


Recent PA Activities of Electric Power Companies 


Nine electric power companies and one atomic power 
company in Japan are operating nuclear power plants. 
As each company is respectively in a different environ- 
ment, they are developing their own specific PA 
activities. However, common points among them are as 
follows: 


(1) Each company has an organization controlled by one of 
their vice presidents to promote PA activities on nuclear 
power; 


(2) Each is developing a wide range of PA activities through 
use of the mass-media, TV, newspapers and magazines, 
and pamphlets and videos; 


(3) They are training their personnel in PA public relations; 


(4) Public information centers have been built near nuclear 
power plants. The number of such centers is 20, and 
annual visitors are about 1.1 million in number. 


The center at Hamaoka nuclear power plant of Chubu 
Electric Power Corp. has the greatest number of visitors, 
about 287,000 in 1992. 


Conclusion 


In order to increase public confidence in nuclear 
power, more information should be made available. 
The infrastructure to offer nuclear power information 
should also be enhanced to ensure easy access for the 
general public. 


In order to improve information services through the mass 
media, familiar information and data on energy and nuclear 
power closely connected with people’s daily life should be 
developed. 
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The International Management Scheme for 
Plutonium and Highly Enriched Uranium 


43070098C Tokyo JAPAN 21ST in English 
Feb 94 pp 23-26 


[Article by Yasutaka Moriguchi, director, Nuclear Fuel Divi- 
sion, Atomic Energy Bureau, Science and Technology Agency] 


[Text] The international situation over plutonium utiliza- 
tion has greatly changed and become much tighter because 
of concerns about proliferation of nuclear weapons. Some 
states slowed down activities related to nuclear fuel recy- 
cling, due to easing uranium supply/demand conditions 
throughout the world, economical conditions, and so on. 


However, from a long-term viewpoint, nuclear fuel recycling 
is indispensable to mankind in promoting utilization of 
nuclear energy, because it will substantially prolong the life 
of uranium resources. From this standpoint, establishing 
nuclear fuel recycling through technology development can 
be regarded as a responsibility of Japan, which is advanced 
in nuclear technology, but has :carce energy resources and 
uses a lot of them. This is Japan’s international contribution 
toward the future age. 


Plutonium separated and recovered from spent fuei in light 
water reactors through reprocessing has a lower concentra- 
tion of fissionable isotopes (plutonium-239, -241) than 
nuclear weapon grade, while plutonium taken out of blanket 
fuel in FBR (fast breeder reactors) will be used after 
reducing the isotopic ratio of fissile plutonium. However, 
each kind of plutonium is considered to be sensitive mate- 
rial from a military viewpoint. So, in promoting nuclear fuel 
recycling, it is extremely important for Japan to enhance the 
transparency of peaceful nuclear activities. Japan has estab- 
lished a rule not to possess separated plutonium more than 
necessary when promoting nuclear fuel recycling programs. 


By the way, from the worldwide viewpoint, there are growing 
concerns over accumulation of plutonium or highly enriched 
uranium derived from the dismantlement of nuclear weapons, 
or plutonium to be used for peaceful nuclear activities. IAEA is 
conducting unofficial study on how much plutonium and highly 
enriched uranium has been accumulated and how to provide an 
international control framework over them. 


In recognition of the importance of making concrete pro- 
posals for an international management scheme of pluto- 
nium and highly enriched uranium, the Atomic Energy 
Bureau of the Science and Technology Agency (Japan) 
established, on July 12, 1993, an ad hoc study group on such 
international scheme, composed of a variety of specialists 
and experts, within the same Bureau. As a result of the 
intensive studies made by that group, the following Basic 
Framework of the “International Management Scheme for 
Plutonium and Highly Enriched Uranium” was worked out 
on September 22, 1993. 


It is the intention of the Atomic Energy Bureau to further 
elaborate and develop the present draft into a more com- 
prehensive proposal, taking fully into account the comments 
and views expected from various quarters both at home and 
abroad in the course of consultations in the future. 
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The Basic Framework of the “International 
Management Scheme for Plutonium and Highly 
Enriched Uranium” 


1. Objectives 


The primary objectives of the “International Management 
Scheme for Plutonium and Highly Enriched Uranium” 
(hereinafter referred to as “IMS”) will be: 


(1) to enhance the transparency of peaceful nuclear activi- 
ties concerning specified nuclear materials; 


(2) to ensure internationally that specified nuclear mate- 
rials which are derived from the dismantlement of 
nuclear weapons and will henceforth be treated as 
materials for nonmilitary purposes, be managed in a 
proper manner, through monitoring and making public, 
under an integrated scheme, the location and the use 
programs of such materials. 


It is not the direct objective of IMS to verify that such 
materials are not diverted to nuclear weapons. ' 


It is envisioned that the creation of IMS would promote the 
construction of an international nuclear nonproliferation 
regime, in parallel with the international safeguards system. 


2. Specified Nuclear Materials 


Specified nuclear materials are defined as all plutonium 
separated and/or recovered and all highly enriched uranium 
for peaceful purposes as well as plutonium and highly 
enriched uranium dismantled from nuclear weapons and 
destined for nonmilitary uses (hereinafter referred to collec- 
tively as ‘“Pu/HEU”’). 


3. Participating States 


(1) Scope 


The scope of the participating states in IMS would be in 
principle the states which own Pu/HEU as described in 
diagram. 


(2) Impartiality (Equality) 
All participating states are to be treated equally by IMS. 
(3) Financing 


Participating states should not be requested to bear exces- 
sive costs by IMS. 


4. Institutional and Procedural Matters 
(1) Registration 


All Pu/HEU should be registered on a facility basis, in 
principle, to IMS by participating states. In cases wherein the 
owner and the locating states are different, such as in inter- 
national reprocessing transactions, registration should be 
made by the owner state in cooperation with the locating 
state. 


Registration should be revised periodically by the partici- 
pating states based on information regarding activities 
such as transfer among the facilities, new registration and 
termination. 


Nuclear Technologies 43 


(2) Termination 


Termination of plutonium from registration should be done 
by participating states when it is loaded into a nuclear 
reactor or, in the case of highly enriched uranium, when it is 
changed to a low enriched uranium level through such 
procedures as blending. 


In addition, with regard to Pu/HEU treated as waste, 
termination should be done when Pu/HEU has been diluted 
in such a way that it is no longer usable for any nuclear 
activity or has become practically irrecoverable. 


(3) Submission of Use Program 


Each participating state should establish a national program 
for peaceful use of its own Pu/HEU (hereinafter referred as 
“use program”) prior to participation in IMS and submit it 
to IMS. The use program submitted would be reviewed by a 
committee comprised of representatives from participating 
states (hereinafter referred as the “committee”). In the 
event a use program is revised, the same procedures would 
be applied. 


(4) Storage and Control of “Surplus Pu/HEU” 


Pu/HEU, for which no use is scheduled within a certain 
period of time in a use program, should be deemed “surplus 
Pu/HEU” and be reported as such to IMS by the partici- 
pating state concerned.” 


Surplus Pu/HEU should be stored and controlled at the one 
or more storage facilities established as necessary on the 
basis of notification from such participating states under the 
framework of IMS. These storage facilities do not neces- 
sarily have to be independent installations, but might be 
established as a part of existing reprocessing or fabrication 
plants. 


The responsibility for the operation of storage facilities, 
including safety measures and physical protection measures, 
should be taken by the operator of such facilities and/or the 
relevant government. 


(5) Withdrawal from storage facilities 


When owner states wish to withdraw Pu/HEU from storage 
facilities, withdrawal requests should be made by owner 
states (or, in cases wherein the nuclear material is not 
located in the owner state, in cooperation with the locating 
state) to IMS. If the reason for withdrawal is consistent with 
the use program reviewed in (3) above and the time of use is 
within a certain period, the withdrawal should be made 
automatically. On the other hand, in cases where the above 
conditions are not fulfilled, so that approval of automatic 
withdrawal is not applied, the withdrawal could be made 
upon approval through individual confirmation by the 
committee. 


(6) The Committee 


A committee, constituted by representatives from the par- 
ticipating states, should be established to discuss important 
issues related to the operation of IMS. 
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FBR = fast breeder reactor 
MOX = mixed oxide (plutonium&uranium) 
LAEA = International Atomic Energy Agency 
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The Basic Framework of the “International Management Scheme 
for Plutonium and Highly Enriched Uranium” (IMS) 


Review 
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The roles of the committee are as follows: 


* to review periodically the situation of IMS’s operation; 
¢ to review use programs (including their revisions); 
* to review the reports on the content of surplus Pu/ 


HEU; 


* to review the withdrawal requests for surplus Pu/ 
HEU for use within use programs within a certain 
period of time; 

¢ to make individual confirmation on withdrawal 
requests for the surplus Pu/HEU from storage facili- 
ties (See (5) above); 

* to discuss important issues related to the operation of 


IMS. 


(7) Secretariat 


To achieve the smooth operation of IMS, a secretariat 
function shall be created. One idea is for the secretariat to be 
an independent international agency budgetarily supported 
by the participating states and for secretariat functions to be 
maintained by professional personnel. It seerns to be prac- 
ticable, however, to ask the IAEA to be in charge of the 
secretariat in order to mitigate the financial responsibilities 
of participating states as mentioned in 3.(3) and to maintain 
neutrality among such states. In this regard, it is important 
that the functions of IMS be separated from the safeguards 
function of the IAEA. 
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The roles of the secretariat are as follows: 


* to receive notifications of registration of Pu/HEU, 
including its revision, from the participating states; 

e to receive use programs, including their renewal, from 
the participating states; 

e to receive notifications of the establishment of storage 
facilities from the participating states; 

* to receive reports on surplus Pu/HEU in the storage 
facilities of the participating states; 

* to receive requests for the withdrawal of surplus 
Pu/HEU from the participating states and to report 
them to the committee; 

e to serve as the general affairs department of the 
committee; 

¢ to arrange the release of information to the public; 

¢ to .iaintain communication among the participating 
s....e8 for the smooth operation of IMS. 


(8) Release of Information to the Public 


To enhance the transparency of peaceful nuclear activities 
concerning Pu/HEU and to ensure internationally that 
Pu/HEU, including that derived from the dismantlement of 
nuclear weapons and henceforth treated as material for 
nonmilitary purposes, be managed in a proper manner, the 
information obtained through the operation of IMS should 
be made public in a way that does not conflict with physical 
protection concerns. 


Procedures for making information public are to include, 
inter alia, the periodic issuance of documents as well as 
press releases if and when appropriate. 


The making public of relevant information is essential for 
deepening international understanding and for achieving 
smooth operation of IMS. 


5. Application of the IAEA safeguards 


As it is not the direct objective of IMS to verify that 
Pu/HEU is not being diverted to nuclear weapons as 
described in 1, IMS will not provide an independent verifi- 
cation system. 


It is desirable that all Pu/HEU should be placed under the 
IAEA full-scope safeguards from the viewpoint of pre- 
venting its diversion. 


On the other hand, from the viewpoint of seeking the 
participation of as many states as possible initially, it may 
not be necessary for all Pu/HEU to be placed under the 
IAEA safeguards for the states that do not accept the 
comprehensive safeguards. In this regard, “friendly visits” 
by the representatives from the participating states could be 
studied as an ad hoc measure. 


6. Legal Framework 


(1) For assuring the effectiveness of IMS, a single multilat- 
eral treaty among the participating states seems to be 
ideal because of its strong binding nature. However, to 
facilitate the early realization and operation of IMS, one 
should take into account that such procedures often take 
considerable time to establish. 
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(2) It could be considered that IMS is set up as a series of 
bilateral agreements between each participating state 
and an international body based on an appropriate 
model agreement. 


(3) As for the third alternative, from the viewpoint of early 
operation and ensuring the participation of as many 
states as possible, a gentlemen’s agreement, in which the 
participating states declare their intention to comply 
with common guidelines established previously, seems 
to be a practicable option. 


2 nates Study Toward the Establishment of 


A multilateral meeting could be held among the states 
concerned. The IAEA may also take part as a member. If 
there is a state willing to act voluntarily as the secretariat of 
the study, it may take the role of secretariat, should the other 
states be agreeable. If not, then each member state can take 
turns hosting the meetings. In any case, the IAEA is 
expected to contribute to the clerical work, including 
arranging meetings, providing conference rooms and 
preparing documents. 


Footnotes 


1. The role of verifying that such materials are not diverted 
to nuclear weapons should be taken by the IAEA safe- 
guards system. Even though the need to enhance the 
system’s ability is raised, discussion should be made 
within the framework of the IAEA safeguards system. 
Accordingly, IMS is not based on subparagraph A 5 of 
Article XII of the Statute of the IAEA. 


2. Running stocks of Pu/HEU could be included in Pu/ 
HEU scheduled to be used in a certain period of time. 


3. With regard to the verification of nuclear materials, the 
IAEA applies the verification system including inspec- 
tions of nuclear materials under IAEA safeguards. Fur- 
thermore, in states that apply the comprehensive safe- 
guards, all nuclear materials, including Pu/HEU, for 
peaceful nuclear activities are placed under the IAEA 
safeguards. 


The Role of Monju in Japan’s Nuclear Fuel Cycle 
43070098D Tokyo JAPAN 21ST in English Feb 94 pp 27-29 


[Article by Hiroshi Ohishi, executive vice president, Power 
Reactor and Nuclear Fuel Development Corp. (PNC)] 


[Text] 


Foreword 


The development and utilization of nuclear power in Japan 
is based on fuel reprocessing and plutonium utilization 
according to principles of security and peaceful utilization 
of energy. Our goal is to establish a plutonium utilization 
system based on fast breeder reactors (FBR) and thereby 
effectively utilizing uranium as a global resource from the 
standpoint of ensuring a secure energy supply not only in 
Japan but on the world scale. 
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Plutonium utilization will center on the operation of light 
water reactors for the time being. But the latter will gradu- 
ally be replaced by fast breeder reactors, and ultimately FBR 
will become the mainstay of the plutonium recycle system in 


Japan. 


Japan’s prototype fast breeder reactor Monju (hereafter 
referred to as Monju) has the role of establishing the FBR 
technology at the prototype reactor stage. Monju is ranked 
as a key national project for achieving the practical appli- 
cation of FBR to constitute the nucleus of the future 
plutonium utilization cycle. 


1. Development of FBR in Japan 


The state policy on FBR in Japan calls for the development 
of the sodium cooled fast breeder reactor using uranium- 
plutonium mixed oxide fuel (MOX fuel) divided into three 
stages: experimental fast breeder reactor, prototype reactor, 
demonstration reactor and commercial reactor; while main- 
taining close international cooperation with other countries. 
Based on this program, comprehensive research activities 
took place in various research facilities led by the Oarai 
Engineering Center. The construction of the Experimental 
Fast Reactor Joyo, with a thermal output of 100 MWT, was 
started in 1971. After attaining initial criticality in 1977, 
this reactor has continued its normal operation for 15 years 
now. 


A similar development project was started in parallel for the 
Prototype Reactor Monju (with an envisaged electrical 
output of 280 MWe). Construction started in 1985 after 
continued R&D centering on the mock-up test. After com- 
pleting the installation of components in 1991, pre- 
operation tests have been proceeding for attaining initial 
criticality in April 1994. The research on commercial FBR 
will be carried out mainly by the private sector after the 
development of the demonstration reactor, for the contem- 
plated start of commercial operations in about 2030. 


PNC manufactured 126 tons of MOX fuel. No fuel damage 
has occurred so far in the operation of Joyo as well as of the 
Prototype Advanced Thermal Reactor Fugen. 


The development of the elemental technology was inaugu- 
rated in the 1970s for the reprocessing of spent FBR fuel. 
Basic process data are being accumulated at Tokai’s Chem- 
ical Processing Facility (CPF) for tests at laboratory scale on 
reprocessing using irradiated fuel. The development of the 
remote maintenance technology, constituting the essential 
component, is also taken up. The obtained technical data 
will serve as the basis for the construction plan of the 
Recycle Equipment Test Facility (RETF) which is to start 
hot runs in about the year 2000. These are all parts of the 
project to confirm the performance, remote maintenance 
and reliability of the equipment. 


Plutonium utilization in this project is purely restricted to 
peaceful purposes. Japan fully recognizes its international 
responsibility regarding nuclear nonproliferation and is 
ready to strictly observe the Non-Proliferation Treaty and to 
accept inspections by IAEA. Our control policy is charac- 
terized by a marked transparency towards the rest of the 
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world. Our country has positively promoted the technolog- 
ical development of safeguards in all sectors of the nuclear 
fuel cycle, including the development of FBR. International 
cooperation will be given top priority in all future develop- 
ment projects taking into account the increasingly impor- 
tant role of our country in the world society. 


2. Test Operation of Monju 


The components installation for Monju was completed in 
April 1991 to enter the period of test operation from May of 
the same year. The test period will be divided at the moment 
of c/u leak rate test completion in the first phase of func- 
tional tests and the second phase of the system start-up test 
(SST) to confirm plant functions and performance. If all 
goes well, the test operation will be finished at the end of 
1995 for the start of subsequent power operation. 


2.1 Functional test 


The functional test to confirm the functions of the compo- 
nents and systems of Monju in the state prior to the charging 
of core fuel was started in May 1991 and successfully 
concluded in December 1992. Functions were confirmed in 
several stages of the functional test comprising the in-air 
test, the in-argon gas test in which the system is filled with 
argon and preheated to a temperature of about 200°C prior 
to sodium charge of the system, and finally the in-sodium 
test in which the system is charged with sodium. 


2.2 System start-up test 


The SST for Monju includes, in addition to the confirma- 
tion of the functions and performance of Monju’s plant, the 
examination to confirm the functions and performance of 
various systems and components based on the law, as well as 
tests for solving typical technical problems for future FBR 
plants. 


The SST is divided into five stages of the preparation test 
for SST, the criticality test, the reactor physics test, the 
nuclear heating test, and the power-up test. Tests will be 
conducted under varying conditions on 130 test items in 
total. 


The preparation test for SST was conducted from February 
to June 1993 by effectively utilizing the period prior to fuel 
charging in order to enhance the safety and efficiency of the 
full SST after fuel charging. Test items included temperature 
raising of the primary system to 397°C and the secondary 
system to 325°C through the thermal input into the coolant 
material by operating the main coolant circulating pumps 
for preliminary evaluation of the heat balance of the cooling 
system under high-temperature conditions, piping thermal 
displacement and temperature distribution in the reactor 
head cover. 


The criticality test is aimed at forming the minimum criticality 
core by gradually replacing the present dummy fuel subassem- 
blies with actual fuel subassemblies in order to attain initial 
criticality. The charging of the driver fuel subassemblies started 
in October 1993, and already 108 fuel subassemblies have been 
installed in the inner core as of November 1993. The initial or 
minimum criticality will be attained in April 1994 according to 
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the present schedule. The rest of the driver fuel will be charged 
after attainment of minimum to form the initial charging of 198 
fuel subassemblies. 


It will be followed by the reactor physics test for evaluating 
the power distribution in the core at a very low reactor 
power and the nuclear heat-up test in which the reactor 
power and the system temperature are raised for the testing 
of the start-up, the adjustment of the water-steam system 
and the turbine system, and initial parallel in synchronizing 
with the power grid. 


The power raising test is aimed at the confirmation and 
adjustment of various system characteristics such as plant 
operation characteristics, controllability and transient phe- 
nomena in various stages of reactor power including 40 
percent, 75 percent and 100 percent of the rated value. The 
confirmation of radiation shielding performance and the 
sodium chemistry will be tested for each stage of reactor 
power. 


3. Research and Development of Monju 


The R&D of Monju’s operation will lay emphasis on the 
demonstration of the safety and stability of the new power 
generating technology and the collection of data directly 
linked with the practical operation of the FBR plant. We are 
also studying the possibility of inviting technicians from 
countries engaged in the development of FBR in the frame- 
work of international cooperation. 


3.1 Overall evaluation of the prototype reactor 
technology 


A database will be compiled by sorting and editing previous 
data on design technology and othe; technical data obtained 
hitherto through testing and operation so as to evaluate 
tolerances of FBR design and contribute to early commer- 
cial operation of FBR. At the same time, we have started 
work on the synopsis and recommendations on design, 
manufacture, installation and test operation of the system 
for future FBR based on previous results and experience. 


3.2 Design research on the advancement of systems and 
components 


(1) Higher reliability 


The research on PSA (probability risk assessment) has 
reached a stage of actual application. We are making prep- 
arations for the assessment of the actual plant by means of 
the PSA so as to enhance the reliability of the FBR plant to 
a higher degree. Our program includes the operation of the 
PSA system, expansion of the database for the reliability of 
FBR and the development of methods for reliability data 
analysis needed in future piant operation. 


(2) Enhancement of core characteristics 


The research extends from the basic irradiation in Joyo to 
the use of Monju as the irradiation bed. The results of R&D 
on higher fuel performance will be embodied in Monju’s 
core. Research items include higher combustion ratio and 
higher operational rate through reduction of fuel cycle cost 
and lengthening of the operation cycle. 
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3.3 Future plans 


Extensive R&D is planned with full plant operation for the 
establishment of FBR commercialization technology 
through Monju. The first phase will be devoted to the 
accumulation of basic FBR data and those of test and 
operation results such as characteristics of the FBR core. It 
will be followed by the second phase in which technical 
development will be conducted for investigating the poten- 
tial capabilities of the fast breeder reactor including the 
plutonium core and the development of transmutation 
technology for TRU-nuclides in FBR. PNC has started the 
evaluation of TRU-nuclide transmutation as a new core 
concept for achieving more effective combustion. This 
evaluation will serve as the basis of research on the TRU- 
nuclide transmutation tests in Joyo and also later in Monju 
to confirm the transmutation phenomenon in a larger core. 


Research and development is related to new research 
themes emerging under the latest international environ- 
ment. International harmony and cooperation are regarded 
as essential for their approach. 


Japan has ranked Monju as an important link in the nuclear 
fuel cycle. We plan to make Monju a field of international 
joint research projects in close cooperation among different 
nations. 


No. 4 Plant of TEPCO’s Kashiwazaki-Kariwa 
Nuclear Power Station 


43070098E Tokyo JAPAN 21ST in English Feb 94 pp 30-31 


[Article by Hironobu Yamashita, manager, Nuclear Power 
Plant Construction Section, Nuclear Power Plant Construc- 
tion Department, Tokyo Electric Power Co., Inc. (TEPCO)} 


[Text] The No. 4 Plant of TEPCO’s Kashiwazaki-Kariwa 
Nuclear Power Station is now undergoing pre-operation 
tests for system start-up prior to the start of commercial 
operation slated for the summer of 1994. The No. 6 and No. 
7 plants are also under construction at the Kashiwazaki- 
Kariwa Nuclear Power Station. 


The Fifth Unit Following No. 3 Plant 


Kashiwazaki-Kariwa Nuclear Power Station of TEPCO is 
located on hilly terrain stretching over Kashiwazaki City 
and Kariwa Village, Niigata Prefecture, facing the Sea of 
Japan. The site is a semi-elliptical shape about 3.2 km long 
along the coastline and about 1.4 km inland, covering an 
area of 420 hectares. The electric power generated at this 
station is mainly supplied to the central and western parts of 
Tokyo and is playing a vital part in the stability of the power 
network for the western metropolitan area. The No. | Plant 
of this station started operation in 1985, followed by the No. 
5 Plant in April 1990, the No. 2 Plant in September 1990 
and the No. 3 Plant in 1993. The No. 4 Plant is the fifth unit 
starting operation in this station. 


When the No. 4 Plant starts commercial operation, the total 
generating capacity of this nuclear power station will reach 
5,500MW (5 x 1,100MW). The cumulative generating 
capacity of TEPCO’s nuclear power facilities, with 15 units, 
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will total 14,596MW. When the No. 4, No. 6 and No. 7 
plants now under construction at Kashiwazaki-Kariwa 
Nuclear Power Station are completed, the station will have 
a power generating capacity of 8,210MW, becoming the 
world’s largest nuclear power plant surpassing Canada’s 
Bruce Station (7,226MW). Table | shows the progress of the 
No. 4, No. 6 and No. 7 plants since their inception up to the 
present. The construction of the No. 4 Plant, which started 
in February 1988, will be completed this year after a period 
of about six years and eight months. 


The pre-operation test (SST), as the final step of plant 
construction, is being carried out at present at the No. 4 
Plant for the purpose of confirming the entire plant's 
functions and performance, including the newly designed 
systems and changes from previous reactors. 


Following is a general description of the construction work 
of the No. 4 Plant and the system characteristics. 
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Characteristics of Construction Work 

The Kashiwazaki-Kariwa District has a very harsh construc- 
tion environment in winter owing to strong winds and 
snowfall. Hence, the large block construction method has 
been adopted to prevent deterioration of construction work 
and to shorten the construction period. This method is 
characterized by assembling the equipment and materials in 
large blocks in the immediate vicinity of the plani and 
construction site and transporting them with large mobile 
crawler cranes. 

The application of large crawler cranes and the large block 
method have already demonstrated their high performance 
in the No. 7 Plant now under construction. Incidentally, 
work efficiency in building the No. 3 Plant completed last 
year was enhanced by an all-weather construction method 
which features a semi-enclosed environment by providing a 
temporary roof above the construction site by means of an 
air cushion. 





Table 1. Progress of Nos. 4, 6 and 7 Plants of Kashiwazaki-Kariwa as of January 1994 
























































Ne. 4 (BWR) Ne. 6 (ABWR) Ne. 7 (ABWR) 
Decision by Electric Power Development Coordination 27 Mar 85 18 Mar 88 18 Mar 88 
Council 
Application for approval of changing the nuclear power 11 Apr 85 23 May 88 23 May 88 
plant installation 
Application for the approval of change of power facilities 19 Dec 86 19 Jun 90 19 Jun 90 
Application for approval of change of reactor installation 9 Apr 87 15 May 91 15 May 91 
Application for approval of change of power facilities 10 Apr 87 17 May 91 17 May 91 
Application for approval of construction plan 11 Apr 87 17 May 91 17 May 91 
Approval of construction plan 16 Jun 87 23 Aug 91 23 Aug 91 
Construction start 5 Feb 88 17 Sep 91 3 Feb 92 
Rockbed survey 5 Oct 89 29 Jul 92 25 Mar 93 
Assembly start of PCV (No. 3 and No. 4 plants) 12 May 90 
Assembly start of PCCV (No. 6 and No. 7 plants) 28 Jan 93 3 Sep 93 
Pressure resistance and leakage test of PCV (No. 3 and 15 Mar 91 
No. 4 plants) 
Installation of RPV 28 May 92 (Sep 94) (Jun 95) 
Primary pressure resistance test of RPV! 11 Mar 93 (Jul 95) (Apr 96) 
Start of fuel charge 7 Oct 93 (Feb 96) (Nov 96) 
Initial criticality 1 Nov 93 (Mar 96) (Dec 96) 
Start of commercial operation (Aug 94) (Dec 96) (Jul 97) 














Note: Tentative dates are parenthesized. 





System Characteristics 


The No. 4 Plant of Kashiwazaki-Kariwa Station consists of 
a boiling water reactor (BWR), with a power output of 
1, 100MW, whose system specifications are listed in Table 2. 


Since its initial planning, the No. 4 Plant has embodied 
many improved designs derived from the operation experi- 
ence and results of TEPCO’s previous reactors. It also 


totally incorporates the primary and secondary improved 
standardization compiled by the state, electric power com- 
panies and plant makers (Table 3). 

Asa result, the No. 4 Plant has become an outstanding BWR 
Plant representing the era of light-water reactors. It features 
higher reliability, improved maintenance, reduced 

tion of radioactive waste, smaller radiation exposure for 
personnel and higher cost performance, and conforms to the 
overall principle of enhanced safety. 
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Table 2. Specifications of No. 4 Plant of Kashiwazaki-Kariwa Nuclear Power Station 










































































(1) Power output 1100 MWe 
(2) Reactor 
a. Type Ennched uranium moderator-cooled boiling water reactor 
b. Thermal output 3293MW 
c. Generated steam flow 6410 vh 
d. Fuel Number of fuel assemblies 764 
Mean assembly enrichment Type I About | .2wt% 
Type ll About 2.3wt% About 2.5wt% 
Type Il About 3.4wt% 
Uramum charge 132% 
e. Control rods 185 
f. Reactor pressure vessel Operating pressure | 70.7 kg/cm2g 
g- Reactor container Mark II improved type 
(3) Turbine generator i 
a. Turbine type Combed 6-flow gas exhaust type 
b. Generator capacity 1300 MVA 
c. Turbine bypass capacity 37.5% 
d. Feed-water pump Turbine driven 50%x2 
Motor driven 25%x2 








Principal equipment maker. Hitachi, Ltd. 








Table 3. Items Subject to Improved Standardization 
Item First stage Second stage 
Improved reliability and capacity factor 










































































Use of fresh water in cooling system of auxiliary equipment x 
Countermeasures against stress corrosion cracks (SCC) x x 
Higher reliability of imstrumentation system x 
Fuel improvement x 
Improved core design x 
Improved control rod drive (CRD) x 
Steps for reducing thermal reaction of feed-water nozzle x 
Reduced radiation exposure 
Prevention and elimination of curd A 
Countermeasures for ALAP x 
Improvement of sampling equipment x 
Automation and higher work efficiency of ISI x 
Development of cobalt-free alternative material x 
Improvement of valve ground x 
Higher efficiency of periodical inspection 
"Adoption of advanced reactor container x 
Replacement of control rod drive x x 
Adoption of waterproof plug in main steam nozzle x 
Automation and higher speed of fuel exchanger x x 
Repiacement of neutron-measuring instrumentation x 
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Seme system characteristics of Ne. 4 Plant are 
introduced here 

Adoption of 8x8 Fuel Bundles Featuring High Burnup 
The initial charge of the No. 4 Plant consists of 8x8 fuel 
bundles featuring high burnup. Based on the design of a new 
type zirconium fuel, the 8x8 fuel bundles have an enhanced 
burnup compatible with technically confirmed safety. 
Burnup has been increased from the previous highest value 
of 40,000 MWd/t to 50,000 MWd/t. Other design improve- 
ments include the introduction of large-diameter water rods 
to raise the water/uranium ratio, the raising of helium 
pressure from 3 to 5 atm. and the improvement of some of 
the fuel components. 


The plants since No. 2, including No. 4, no longer have the 
same mean enrichment of all core fuel assemblies at the 
initial !oading. but the design simulates an equilibrium core 
with three different assembly types with different enrich- 
ment for achieving higher fuel economy and performance. 


New Control Rods 


The new control rods are based on the previous design 
principle of boron carbide (B,C) and adopt hafnium for the 
neutron-absorbing material to achieve longer service life. 
These improvements have realized a reduced number of 
rods needing replacement and reduced production of radio- 
active waste. Out of 185 control rods in the No. 4 Plant, 13 
rods, which are partially inserted into the reactor during 
operation and are liable to be exposed to high neutron 
irradiation, are replaced by new rods. 

Variable ee Power Source for the Recirculating 
Pump of Reactor Coolant (PLR Invertor) 

The adjustment of the reactor-coolant recirculating flow for 
the control of reactor output 1s carried out by varying the 
revolving speed of the reactor-coolant recirculating pump 
(PLR pump) through different power frequencies of the 
driving motor. Previously changing power frequency was 
accomplished by connecting the power equipment and the 
generator-motor with the fluid joint (MG set). No. 4 Plant, 
instead. adopts a stationary reactor-coolant recirculating 
pump. power source composed of a large-capacity thyristor 
invertor circuit. This circuit incorporates the latest power 
semiconductor technology and has been developed and 
demonstrated for improved maintenance and maneuver- 
ability. 


Revision of the Emergency Gas Processing System 


The previous emergency gas processing system had double 
structures for stationary equipment, such as the filter train, 
and moving equipment (fans, etc.). However, a filter train of 
a single structure is adopted at the No. 4 Plant since 
practically no leakage 1s observed. The moving equipment 
adopts the double structure as before. 


Other main system characteristics are enumerated below: 
improved man-machine interface with a new control panel 
adopted since the previous reactor, improved maintenance 
and reliability with the one-piece, low-pressure turbine 
rotor. improved transit stability of the system through 
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adoption of ultrahigh-speed response excitation in the main 
generator, higher reliability through a high-speed scram- 
control rod-drive system with a partial capacity turbine 
bypass of 37.5 percent; energy economizing and reduced 
capacity of the auxiliary boiler through the utilization of 
waste heat from the coolant system for premises heating: 
higher speed and miniaturization of the diesel generating 
equipment for emergency power supply of the high-pressure 
core spray system; reduced pressure loss by improving the 
combination of the low pressure turbine inlet and the 
adoption of the butterfly-type intermediary valve, higher 
thermal efficiency of the turbine. 

The construction work of the No. 4 Plant of Kashiwazaki- 
Kariwa Nuclear Power Station has progressed smoothly, 
without human casualties, since its start. Safe and stable 
operation 1s confirmed through startup tests in preparation 
for the start of commercial operation in August 1994. 


hres 
43070098F Tokyo JAPAN 21ST in English 

Feb 94 pp 32-33 

[Article by Hayrmu Maeda, managing director, Kansai Elec- 
tric Power Co., Inc.] 

[Text] On July 7, 1993, Kansai Electric Power began 
replacing steam generators, first by cutting the main steam 
pipe of Steam Generator B of Mihama Power Station Unit 
No. 2. As of now, planning has commenced for the replace- 
ment of 21 steam generators at seven of Kansai’s |! plants 
(Mihama Units No. |, No. 2 and No. 3, Takahama Units 
No. | and No. 2, and Ohi Units No. | and No. 2). While 
steam generator replacement has been carried out thus far at 
17 plants outside Japan, ours is the first such program in 
Japan. 


In Japan. any leakage from steam generator tubes during 
operation 1s not permitted: at each annual inspection ses- 


sion, the steam generator 1s thoroughly inspected to the full 
length of all tubes, and leak prevention or maintenance 
measures, such as plugging or sleeving application, are 
implemented on tubes found to be degraded. Furthermore. 
each time degradation ts detected, an in-depth investigation 
1s carried out to elucidate the cause and devise appropriate 
countermeasures. Therefore, we are confident that steam 
generator reliability ts sufficiently assured. 

Nevertheless, for several years we have contemplated steam 
generator replacement, in view of the large expenditures of 
time and manpower needed for steam generator tube 
inspections and maintenance, and since resolution of the 
problem of tube degradation could shorten the annual 
inspection duration, thus enhancing electric power sup- 
plying capability to cope with peak power demand in 
summer. 


Reasons for Stam Generator Replacement 

The decision to replace steam generators was the result of a 
comprehensive study of the need to get more public confi- 
dence in nuclear power generation. economic efficiency, 
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Year 1993 


1994 


1995 1996 1997 





Mihama Unit No. 2 





Takahama Unit No. 2 





Ohi Unit No. 1] 








Mihama Unit No. | 





Mihama Unit No. 3 





Takahama Unit No. | 





Ohi Unit No. 2 


























* Steam generator replacement will be conducted to coincide with annual inspection at 
each plant. Annual inspection including replacement is expected to last for about six 


months. 


Table 1. Steam Generator Replacement Plan 





maintainability, technology progress in steam generator 
replacement, and other relevant factors. 


We feel the need to get more public confidence in nuclear 
power generation, since each annual inspection reveals 
some tubes requiring repair, thus causing the general public 
much anxiety. We expect that steam generator replacement 
will resolve this anxiety and enhance public confidence in 
nuclear power generation. 


As for economic efficiency, we considered inspection and 
repair costs, alternative electric costs, replacement costs and 
so forth. Generally, replacement costs are offset by the 
shortening of several annual inspection sessions. 


At Kansai, we estimate the total cost of steam generator 
replacement at our seven plants will be approximately ¥ 160 
billion to ¥ 170 billion. Still, this should not impose a 
financial strain since replacement will be carried out at one 
plant after another from 1993 through 1997. 


The term “maintainability” here implies our expectation 
regarding the installation of new steam generators; that is, 
less inspection items and repair work, resulting in a shorter 
annual inspection duration. 


As for progress in steam generator replacement technology, 
we judge replacement technology to be matured, since there 
have been many experiences of steam generator replace- 
ment in the world, the average replacement duration and 
radiation exposure level having been reduced to approxi- 
mately the same length and level as those of current annual 
inspection. 


Therefore, we decided to begin with Takahama Unit No. 2 
and Ohi Unit No. |, many tubes of which were found to 
require repair and whose annual inspection last for longer 
than six months, and replace their steam generators with the 
latest models. In addition, we decided, from the medium- to 


long-term perspective, to replace the steam generators of 
Mihama Units No. | and No. 3, Takahama Unit No. | and 
Ohi Unit No. 2 with the latest models. 


We also decided to replace the stean. generator of Mihama 
Unit No. 2 with the latest one, as the result of comprehen- 
sively contemplating methods for its restoration, following 
the steam generator tube break incident in February 1991. 


For this series of steam generator replacements, we plan to 
solicit the cooperation of Mitsubishi Heavy Industries, Ltd., 
Japan’s only PWR manufacturer and Kansai’s partner, since 
the operational commencement of Mihama Unit No. 1, with 
whom we have been working to enhance steam generator 
reliability. 


At the same time, we hope to actively incorporate the 
knowledge and technology obtained from steam generator 
replacement cases in the world. 


Specifically, we placed an order for the Mihama Unit No. | 
replacement steam generator with Westinghouse Electric 
Corp. of the United States. We will adopt advanced tech- 
nology for rigging steam generators, decontamination, tem- 
plating and so forth from the United States and Europe. 


Design of the New Steam Generator To Be Installed 


Thermal output and temperature conditions of the new 
steam generator will be the same as those of existing steam 
generators; from the standpoint of tube degradation preven- 
tion, basic design identical to that of the latest PWR plants, 
such as Ohi Units No. 3 and No. 4, will be adopted, based on 
lessons learned from past experiences. Main improvements 
will include the following: the use of thermal treated inconel 
690 alloy as tube material with an increased content of 
chromium, to enhance corrosion resistance; changing the 
tube support plate material to stainless steel and the tube 
hole shape to a broached egg crate, to enhance resistance, 
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Takahama Unit No. 2 Steam Generator Transfer Plan 





improve water flow and minimize impurity concentration; 
and changing the material of anti-vibration bars to stainless 
steel and their number to three set type to minimize tube 
vibration and wear. 


{Outline of Steam Generator Replacement] 


Steam generator replacement can be carried out in two 
pieces. Kansai, however, conducts replacement while in one 
piece. 


(1) Temporary construction opening and restoration of 
containment vessel 


A temporary opening will be prepared to transfer steam 
generators into and out of the containment vessel of 
Mihama Units No. | and No. 2 and Takahama Units No. |! 
and No. 2, since their existing equipment hatches cannot be 
used for this purpose due to their size and inconvenient 
location. 


(2) Pipe cutting and restoration 


Steam generator replacement requires cutting the main 
steam pipe, main feedwater pipe, and primary coolant pipe, 
and their subsequent restoration. 


Automated tools will be used for the cutting, edge prepara- 
tion, and welding of the steam generator and primary 
coolant pipe, to reduce operator radiation exposure. 


Since primary coolant pipe restoration is expected to result 
in the highest percentage level of exposure among the steps 
of steam generator replacement, decontamination will be 
implemented to reduce operator radiation exposure. 


For decontamination, the physical method, in which alu- 
mina and glass beads are sprayed to exfoliate radioactivity 
from the inner surface of primary coolant pipe, will be 
adopted. 


(3) Steam generator storage 


To store the removed steam generators, a reinforced con- 
crete storage facility, designed to minimize the impact of 
radioactivity on the surrounding environment, will be con- 
structed. 


Concerning Mihama Unit No. 2, which caused a steam 
generator tube break incident, we plan to build an observa- 
tion room shielded by lead glass inside the steam generator 
storage facility, to hand down lessons learned in the incident 
to future generations. 


Progress of Steam Generator Replacement 


For new steam generators, the latest model, in which pre- 
vious degradation countermeasures are reflected, will be 
adopted. New steam generators for Mihama Unit No. 2 and 
Takahama Unit No. 2 have already been completed at 
Mitsubishi Heavy Industries, Ltd. As part of our efforts to 
ensure quality control in the manufacturing of new steam 
generators, Kansai personnel are stationed full time at the 
manufacturing plant, inspecting materials, dimensions, 
appearance, fitting conditions, welding finish and so on, and 
checking every step of the entire manufacturing process. 


Steam generator storage facilities are already completed for 
Mihama Unit No. 2 and Takahama Unit No. 2. 


Steam generator replacement itself is also steadily under 
way. In February, 1994, new steam generators will be 
transferred into Mihama Unit No. 2; replacement is 
expected to be completed in July, 1994, following restora- 
tion. 


At Takahama Unit No. 2, steam generator replacement 
began in January, 1994; its completion is scheduled for July 
1994. In preparation for full-scale development of the 
replacement project, we established in June 1992 a project 
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team at Mihama, Takahama and Ohi Power Stations respec- 
tively, to exclusively manage the steam generator replace- 
ment project and strengthen our project system. Since steam 
generator replacement is a large-scale effort, detailed plan- 
ning and sufficient operator training are essential. At 
present, field operations are under way in accordance with 
dozens of replacement work procedures. 


At Mitsubishi Heavy Industries Ltd. and the concerned 
power stations, mock-ups of a steam generator lower 
assembly, reactor coolant pipe and so on are installed to 
train operators engaged in primary coolant pipe cutting, 
edge preparation and the like. 


We intend to prepare for and implement steam generator 
replacement with great care, with due consideration given to 
quality control and work safety. 


Once replacement is completed and power plants resume 
smooth operation, social confidence in nuclear power gener- 
ation is expected to be greatly enhanced. We intend to do our 
utmost for steam generator replacement, toward the autumn 
of 1997, when the replacement of all steam generators is 
expected to be completed. 


Chubu Electric Increasing Nuclear Power 
Generation Capabilities 


43070098G Tokyo JAPAN 21ST in English Feb 94 pp 34-35 


[Article by Koichi Hasumi, managing director, Chubu Elec- 
tric Power Co., Inc.] 


[Text] 


1. Foreword 


Chubu Electric Power Co., Inc. is in charge of the electric 
power supply to central Japan with its fascinating land- 
scapes in all seasons. Although the demand for electric 
power is stagnating nowadays due to the long recession, 
power demand is definitely growing as a long-term ten- 
dency. Chubu Electric Power, therefore, is making the 
utmost effort to ensure a smooth supply of energy. 


A power utility company, which holds the key to energy 
supply towards the 21st century, has a heavy responsibility to 
take the initiative regarding global environmental problems 
which have now become a central issue for mankind. Hence, 
Chubu Electric Power has formulated its guiding principle 
and action plan under the motto of “Six Actions for Pro- 
tecting the Global Environment Autonomy and Harmony.” 


Among these tasks, nuclear power is ranked as a source of 
large-scale electric power and an effective means to solve 
environmental problems since it is free from the emission of 
noxious gases such as SO,, NO, and SO,. Electric power 
companies, therefore, are laying stress on nuclear power in 
the development of new energy sources. 


Our company has already put into commission its Hamaoka 
Nuclear Power Station. Four reactors from No. | to No. 4 
generate 3,617MW of power in total. Nuclear power makes 
up 14 percent of the facilities’ total generating capacity. The 
company intends to raise the ratio of nuclear power further 
and is studying the construction of additional nuclear power 
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stations in Ashihama, Mie Prefecture, and Suzu, Ishikawa 
Prefecture. The Suzu station will be a joint project with 
Hokuriku Electric Power Co., Ltd. and the Kansai Electric 
Power Co., Inc. We are now endeavoring to win the support 
of the local community. 


Following are the present situation and future prospect for 
nuclear power development by Chubu Electric Power Co. 


2. Hamaoka Nuclear Power Station 


Hamaoka Nuclear Power Station is located in Hamaokacho, 
Ogasagun, Shizuoka Prefecture, some 200 km to the south- 
west of Tokyo. The location corresponds to approximately 
the center of Japan and faces the Pacific Ocean. The site 
covers an area of about 160 ha with a flat seashore in front 
and hilly green tea plantations at the back. 


It was in spring of 1976 that the first nuclear reaction was 
kindled at Hamaoka with the installation of the No. | reactor 
(output: 540MW). This also marked the start of nuclear 
power generation by Chubu Electric Power. AR reactors of 
Hamaoka Power Station belong to the boiling water type 
(BWR). The distinguishing feature of this power plant is that 
it adopts the compound-type reactor housing with aseismic 
design. Another feature is its sea water intake facilities. The 
condenser cooling water is conducted via a submarine pipe of 
7 meters in diameter dug at a depth of about 30 meters from 
sea level. The intake point is located at a distance of 600 
meters from shore. This intake is designed to minimize the 
effect on marine environment and fisheries, taking into 
account different topographic, meteorological and oceano- 
graphic factors in the vicinity of the plant. 


The No. 2 (840MW) and No. 3 (1.100MW) reactors were 
put into commission in 1978 and 1987, respectively. 


Construction work on the No. 4 reactor (rated output: 
1,137MW) commenced in 1989 to serve as the main power 
source for the company in the latter half of the 1990s. New 
construction methods such as the adoption of larger unit 
blocks have been introduced to reduce the volume of 
assembly work. The construction_was completed in Sep- 
tember 1993, after a work period of 48 months. The expertise 
of past decades regarding design, construction, operation and 
maintenance has been pooled together to achieve improved 
reliability, operating performance and maintenance. 
Although its thermal output is the same as that of the No. 3 
unit, its power output has been raised to 1,137MW with the 
adoption of a moisture separating heater as the first domestic 
BWR for higher thermal efficiency. 


Fuel charging was carried out in November 1992. The “initial 
criticality” was attained on 2 December in the same year, 
which, singularly, corresponds to the day 50 years ago when 
Enrico Fermi, a famous physicist, successfully carried out the 
world’s first continuous artificial chain reaction with the “Chi- 
cago Pile” on the premises of Chicago University, the United 
States. The total power output of Hamaoka Nuclear Power 
Station rose to 3,617MW with the start of commercial opera- 
tion of the No. 4 reactor. This power plant has the largest output 
among all existing power plants of Chubu Electric Power, 
including both hydroelectric and thermal plants. 
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3.Present Situation of Ashihama and Suzu Sites 


Ashihama is located on the rias seashore of Mie Prefecture 
facing the Pacific Ocean some 120 km to the south of Nagoya. 
The site covers an area of about 350 ha enabling the instal- 
lation of four generating units with an output of 1,350MW 
each. Already 30 years have passed since Ashihama was 
announced as a candidate for the power station, but the 
situation surrounding this plan remains as harsh as ever. 
However, an increasing number of people in the local com- 
munity have begun to show understanding of the need for 
nuclear power. We intend to continue our patient enlighten- 
ment activities to win the support of local citizens hereafter. 
The construction of Ashihama Nuclear Power Station is an 
ardent hope of our company, for this will reduce its depen- 
dence on fossil fuel and thereby strengthen the company’s 
management structure. We are endeavoring to win the under- 
standing of the community at the earliest possible date. 


Suzu Site is located at the tip of Noto Peninsula in Ishikawa 
Prefecture facing the Sea of Japan. The construction of a 
nuclear power plant in Suzu is a joint project of Chubu, 
Hokuriku and Kansai Electric Power companies. We are 
now continuing our negotiations with the local community 
to enable on-the-spot surveys as soon as possible. 


4. Future Prospect 


Nuclear power is an indispensable energy source for Japan in 
view of its stabilized supply, economic factors and the 
response to global environmental issues. Nuclear power gen- 
eration should be promoted by all means in the coming days. 


Nuclear power accounts for about 30 percent of the total 
power output in Japan. However, the ratio was very low with 
only about 18 percent at the end of FY1993 as far as Chubu 
Electric Power is concerned. Under the circumstances, we 
have defined the development of nuclear power generation as 
the top priority task of our management and are stepping up 
our effort to raise the nuclear ratio to 26 percent by the 
beginning of the next century. 


On the other hand, coexistence with the local communities is 
to be an indispensable condition for future construction 
projects of nuclear power plants. The power facilities should 
not damage the local landscape, and should become a place of 
concourse for the people. Hot water discharged from the 
power plant should be utilized by the -~mmunity as a heat 
source. Our ideas should be expanded to realize a “dreamlike 
power station” of the future. 


Tohoku Electric’s Approach to Nuclear Power 
43070098H Tokyo JAPAN 21ST in English Feb 94 pp 36-37 


[Article by Yoshietsu Sudo, managing director, Tohoku 
Electric Power Co., Inc.] 


[Text] 
1. Foreword 


Thermal and hydroelectric power constituted the mainstay 
of the power supply by Tohoku Electric Power Co., Inc. 
(Tohoku EPCO) until the No. | plant of Onagawa Nuclear 
Power Station started its operation in 1984. However, we 
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have decided to rely more heavily on atomic power here- 
after in view of the intensifying controversy over the global 
environment and the diversification of power resources in 
recent years. 


The total generating capacity of Tohoku EPCO’s facilities 
stood at 10,200MW as of the end of March 1993, of which 
nuclear power accounted for only 524MW generated by the 
No. | Plant of Onagawa Power Station. This station is 
continuing its normal operation with a capacity factor of 
72.1 percent in FY 1992. 


The power output of the company is expected to increase to 
3,000MW by the year 2002 with additional power plants 
now under construction or in planning stages. The ratio of 
nuclear power to the company’s total power output is 
expected to rise steadily in the future. 


Following is a general description of nuclear power devel- 
opment by Tohoku EPCO. 


2. Onagawa Nuclear Power Station 


Onagawa Nuclear Power Station is located in the central 
eastern part of Oshika Peninsula (Miyagi Prefecture), jut- 
ting out into the Pacific at about 57 km to the east-northeast 
of Sendai, a major city with a population close to | million. 


Oshika Peninsula features an undulated rias coastline and a 
superb landscape and is a part of Kinkazan- 
Minami-Sanriku Quasi-National Park. 


The construction of the No. | Onagawa Plant was decided 
by our company in 1968 after the resolution of the town 
assemblies of Oshika and Onagawa to invite a nuclear power 
plant in 1967. However, subsequent negotiations with fish- 
ermen on indemnity consumed 10 years and the construc- 
tion started in 1979. This power plant, adopting thorough- 
going safety measures with the latest technology, started its 
commercial operation in 1984 with an output of 524MW. 


The construction of the No. 2 Onagawa Plant started in 
1989 and had progressed to 86.3 percent as of the end of 
June 1993. The plant is scheduled to start commercial 
operation in 1995 after completing the primary container 
water pressure test, fuel charging and the pre-operation test. 
The No. 2 Onagawa Plant embodies not only the experience 
accumulated from the construction and operation of the No. 
1 Plant but also the revised state standard and actual cases 
of trouble both in Japan and abroad in order to achieve 
nuclear power generation with higher safety and reliability. 


Distinguishing features of the No. 2 Plant are the adoption 
of a “Mark I” improved reactor container with enlarged 
space for maintenance and inspection and reduced radia- 
tion exposure, the moisture separating heater realizing 
higher thermal efficiency of the turbine, and the hollow 
filamental film nonauxiliary type condenser filter achieving 
higher filtering efficiency, rationalized equipment and 
reduction of waste production. 


As for the construction of the No. 3 Onagawa Plant, the first 
public hearing was held last year based on the resolution of 
the town assemblies of Onagawa and Oshika calling for an 
early start of construction. The construction plan will be 
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submitted to the Electric Power Development Adjustment 
Council during this year and after an examination of safety 
construction slated to start in 1996. The No. 3 Plant will 
start its commercial operation in 2002 with 825MW, output 
being the same as that of the No. 2 Plant. 


3. General Situation of Three Planned Sites 


In addition to Onagawa District, Tohoku EPCO has desig- 
nated Maki, Higashi-dori and Namie-Odaka as sites for 
planned nuclear power plants. Maki is located in the central 
part of Niigata Prefecture. Since it was announced as a 
planned site in 1971, the company has made maximum 
efforts to purchase the land and work out fisheries indem- 
nities. The project progressed as far as the safety examina- 
tion at one time, but it was very difficult to purchase the 
land compelling a revision of the development process. As 
some bright signs are seen for the land purchase recently, 
efforts will be stepped up to fulfill various pending tasks. 


Higashi-dori District is located on Shimokita Peninsula of 
Aomori Prefecture facing the Pacific. Tohoku EPCO desig- 
nated this district as a planned site of nuclear power 
generation in 1970 to be jointly developed with Tokyo 
EPCO. As the pending problem of fisheries indemnities was 
solved in 1992 and 1993, the project has now progressed to 
the stage of environmental assessment. Preparations are 
under way for the start of construction in 1998. 


Namie-Odaka District is located at the middle point of the 
Pacific coastline of Fukushima Prefecture. Negotiations for 
land purchase are continuing since this district was 
announced as a planned site in 1971. The effort is concen- 
trated at present on obtaining the agreement of landowners 
of the site. 


4. Our Approach to Welfare Oriented Power Stations 


When Tohoku EPCO constructed No. | Onagawa Plant, it 
adopted a thoroughgoing harmony and cooperation policy 
with the local community as the guiding principle of con- 
struction under the motto of “Safety as Top Priority with 
the Goal of Building # Welfare-Oriented Power Station for 
Coexistence and Co-prosperity with the Local Commu- 
nity.” A Welfare-Oriented power station is designed to 
make a long-standing and comprehensive contribution to 
the development of the local economy and an improved 
standard of living for the regional population. It is our 
ambition to build a power station which will really be 
appreciated by the local community. 


Based on this concept, the PR Center of Onagawa Nuclear 
Power Station is provided with an orchard, a greenhouse 
and a promenade to contribute to local tourism and at the 
same time to familiarize people with the safety of atomic 


power. 


Tohoku EPCO is trying to convert its thermal power plants 
to sites of communication with the local community. It has 
built botanical gardens and parks utilizing the waste heat of 
the power plant. A company has been established to utilize 
gypsum produced in the course of power generation. The 
concept of coexistence will be fully adopted in future 
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nuclear power generation projects to promote the construc- 
tion of welfare-oriented power plants combined with the 
local community. 


5. Future Prospect 


Electric power consumption is steadily growing in Japan. 
Large-scale electric power development is indispensable in 
order to secure a stabilized energy supply in the future. At 
the same time, fossil fuels will be exhausted sooner or later, 
and the new construction of power plants using fossil fuels is 
severely restricted because of the problem of global 
warming. Hence, nuclear power has come to be regarded as 
the trump card to solve various problems at one stroke. 


It is also true that tenacious resistance to atomic power 
exists. We are fully aware that winning the support of local 
community is the key to promoting future nuclear power 
development. This cannot be accomplished without persis- 
tent effort for safe operation of nuclear power stations, 
execution of routine maintenance and inspection and the 
elimination of accidents and operational troubles. 


A Review of the Japan Atomic Power Company's 
Activities 
430700981 Tokyo JAPAN 21ST in English Feb 94 pp 38-39 


[Text] The Japan Atomic Power Company (JAPCO, Presi- 
dent: Kozo lida) was established in 1957 as a company 
specializing in the development of nuclear power. Ever 
since, JAPCO has worked out as a pioneer for the develop- 
ment of nuclear power in Japan. 


The environment surrounding energy supply has undergone 
a fundamental change in recent years due to the need for 
securing energy sources to meet growing demand in the 
world and the problem of global warming caused by the 
emission of carbonic dioxide gas. The importance of nuclear 
power generation is rising steadily under these circum- 
stances. JAPCO is destined to play an increasingly vital role 
in Japan’s energy supply. The company has been energeti- 
cally carrying out comprehensive research and development 
ranging from light water reactors to fast breeder reactors 
(FBR) on the basis of its technical expertise accumulated 
since its founding. 


1. Safe and Stabilized Operation of Four Reactors of 
Different Types 


Since its founding in 1957, JAPCO has constructed and 
operated four reactors of three different types, namely: the 
gas cooled reactor (GCR), the boiling water reactor (BWR) 
and the pressurized water reactor (PWR). 


Tokai Power Station is Japan's first commercial nuclear 
power station (GCR with an output of 166,000kW). The 
plant is a Calder Hall type gas cooled reactor modificd for 
Japan's unique aseismic design. Since its start of operation 
in 1966, the reactor has achieved brilliant results. 


Tsuruga Power Station Unit | (BWR with an output of 
357,000kW) started commercial operation in 1970 after 
Tokai Station. This power plant, Japan's first boiling water 
reactor, has incorporated environment protecting steps ard 
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new technology since its start and has contributed to the 
advancement of Japan’s nuclear power generation tech- 


nology. 


Tokai No. 2 Power Station (BWR with an output of 
1,100MW) was put into operation in 1987 as Japan’s first 
large-size nuclear powcr plant. The station achieved a 
cumulative electric power generation of 100 billion kWh in 
August 1992. This is the world’s highest record for a BWR. 


Tsurugu Power Station Unit 2 (PWR with an output of 
1,160MW) started operation in 1987. This is a virtually 
perfect domestic plant after repeated improvements and 
innovations based on accumulated technology of many 
years. 


2. Present Situation in the Development of Light Water 
Reactors 


Light water reactors are expected to serve as the nucleus of 
nuclear power generation for the time being since the 
commercialization of FBR will not be materialized until the 
middle of the 21st century. Hence, the research centers on 
advanced LWR embodying the latest technology in Japan 
and abroad and laying stress on easy operation and main- 
tenance, compatibility with the environment and coexist- 
ence with the local community. The equipment and systems 
are being simplified and made passive as much as possible 
to reduce the human load in operation and maintenance. 
JAPCO is also stepping up joint research with nine regional 
electric power companies on simplified light water reactors 
with enhanced safety. 


Advanced Light Water Reactor (ALWR) 


JAPCO is carrying out design work on ALWR based on the 
third improvement and standardization of PWR, previous 
expertise on construction and operation of PWR and BWR 
and incorporating the results of improvement and rational- 
ization research as well as the latest technology. This design 
work includes simple operation and maintenance, higher 
plant safety and reliability, harmony with the environment 
and coexistence with the local population. 


Simplified LWR 


The simplified light water reactor (SLWR) is designed to 
reduce the load on operating and maintenance personnel 
through a simplified and passive safety system. Safety 
comparable or superior to conventional LWR should be 
achieved, while pursuing higher cost performance. It might 
become one of the powerful options for next generation 
LWR plants. 


For this purpose, JAPCO is carrying out a joint project with 
nine electric power companies and manufacturers to 
develop an SLWR based on a U.S. model (600MW class) 
with higher output 1000MW and conforming to Japanese 
regulations. 


SLWR features the adoption of passive safety systems such 
as the passive container cooling system, and the gravity 
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ECCS to guarantee walkaway safety after an accident. 
Further simplification is sought with the adoption of a 
natural circulating core. 


JAPCO plans to continue its study on further improvement 
of SLWR. 


3. Development of Demonstration FBR 


JAPCO has carried out R&D of a demonstration fast 
breeder reactor since December 1985 as a project com- 
mitted by nine electric power companies. The project is 
carried out in close liaison with the government, electric 
utility companies and related research institutes to establish 
the long-range development strategy for FBR and to formu- 
late basic specifications for Japan's first demonstration fast 
breeder reactor. 


The company is also extending positive cooperation to the 
operation and maintenance of the prototype FBR “Monju” 
(reach criticality in the spring of 1994) constructed by PNC 
(Power Reactor and Nuclear Fuel Development Corp.). The 
knowhow collected through this assistance will be incorpo- 
rated into the coming construction of a demonstration FBR. 


The Federation of Electric Power Companies adopted a 
recommendation called “Guidelines for Carrying Out the 
Development of FBR” at its presidents’ meeting in July 
1986. It was followed by the “Guidelines for Carrying Out 
R&D of FBR” (August 1988) by the Basic Technology 
Review Subcommittee of the Advisory Committee on FBR 
development of the Atomic Energy Cornmission. 


Based on these guidelines, JAPCO conducted “Preliminary 
Conceptual Design Study on DFBR” from FY1990 to 
FY1991. This research led to the design study and evalua- 
tion test of a top entry type loop reactor with a rated output 
of 600MW, whose technical feasibility was successfully 
confirmed. Its cost performance was also found to exceed 
that of LWR by a factor of 1.5. 


Subsequently, the Conceptual Design Study on DFBR was 
inaugurated in FY!992, establishing the concept of the 
entire plant including the turbine system. Research con- 
tinued in FY 1993 to achieve improved design tolerance and 
incorporation of allowance technology in preparation for 
drawing up basic specifications and design for the first 
demonstration reactor. 


4. Education of Nuclear Power Engineers 


Education of nuclear power engineers in and outside of the 
corporation is also one of the principal jobs of JAPCO. 
Specialized education is carried out at the Training Center 
established in Tokai-mura in 1988 using a new operation 
training simulator and other training equipment. Education 
is indispensable for cultivating engineers capable of safe and 
stable operation of nuclear power plants. JAPCO also offers 
cooperation for the training of overseas engineers studying 
in Japan under the JICA (Japan International Cooperation 
Agency) program as well as native engineers of electric 
power companies and others. 
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New, Improved TEM To Focus on Superconductivity 


43070097A Tokyo THE NIKKEI WEEKLY in English 
2 May 94 p 10 


[Text] 


unpates, CCD Employed To Enhance Micrescope’s 
ower 


Images obtained with the transmission electron microscope 
(TEM) can reveal much greater detail thanks to modifica- 
tions made by researchers at the National Research Institute 
for Metals. 


In transmission electron microscopy, an electron beam is 
directed at a specimen, and the electrons which pass through 
the sample are captured on a film. Image contrasts are 
formed by the scattering of electrons out of the beam. The 
TEM image reveals details about the structure of the spec- 
imen, but the contrast is relatively low, making it impossible 
to glean detailed information concerning atomic structure. 


That problem has been solved by the NRIM research team. 
By converting the electrons which pass through the spec- 
imen into photons, capturing those photons with a highly 
sensitive charge-coupled device (CCD) camera, and then 
processing the now digital signals with a computer, the 
research group says it can boost the contrast of TEM images 
more than 40-fold. 


Real Time Observation 


With the new set-up, it is possible to observe the arrangement of 
atoms in metals and other materials, they add. Moreover, 
because the CCD camera can be linked directly to a computer, 
it is possible to process the data and observe the specimen in 
real time. The institute intends to use their improved TEM to 
study the mechanism of superconductivity. 


To convert the transmitted electrons into photons, the 
group uses a yttrium aluminum garnet (YAG) scintillator, a 
material that emits optical photons in response to ionizing 
radiation. The light emitted by this scintillator is collected 
by a large bundle of optical fibers and passed to the CCD 
camera ailer X-rays are filtered out to cut down on back- 
ground noise. The CCD camera comprises a grid of 512 x 
512 elements covering a diameter of 2 cm, or just larger than 
the scintillator. The CCD camera feeds its signals into a 
computer, which processes the data and displays the TEM 
image on a monitor. 


In tests, the researchers used the modified TEM to image an 
iron-nickel alloy that had been heated to 700°C. They claim 
they were able to observe disorder among the iron atoms in 
the surface layer of the alloy—something that cannot be 
seen in a conventional TEM picture. 
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Figure 1. Cross-Sectional Structure of an Optical Fiber 





In crystalline materials the atoms are normally arranged in 
an orderly fashion and it is said that slight disorder in the 
arrangement has a large effect on the properties of a super- 
conducting material. 


The new TEM thus promises to be a powerful tool for 
observing atomic arrangement in superconducting materials 
and elucidating the mechanism of superconductivity. 
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China Hopes for Exchange With Japan on 
Satellite Rocket Technology 


94P60313A Tokyo NIKKAN KOGYO SHIMBUN 
in Japanese 30 Jun 94 p 9 


[Article by Yoshibumi Hashimoto] 


[Text] Chief Engineer Zhang Fengxiang at China’s only 
satellite observation control center, Xian Satellite Control 
Center (XSCC), mentioned Japan’s H-2 with the European 
Ariane, the U.S. Delta, and Russian Energiya as future 
competition in the international satellite market for the 
Chinese “Long March” rocket, acknowledging the high 
standard of Japan's technology, and thus expressed a strong 
interest in exchanging satellite rocket technology with 
Japan. 


China has been aggressively pursuing the international 
market through establishment of business alliances with 
Matra of France and the Brazilian Aerospace Corporation 
since their first satellite was launched in 1970. Since they 
have launched an earth resources satellite, “Resource-1,” a 
meteorological satellite, the “Fl-1,” and a broadcast com- 
munication satellite, the “DFH-3,” among others. 


China is expected to launch 30 satellites by the year 2000 
including an Asia/Pacific satellite in late July 1994 and a 
U.S. satellite in late August 1994. 


Technology Transfer 59 


In addition to three satellite launch stations in Jiuquan, 
Xichang, and Taiyuan, and five permanent observation 
stations in Changchun, Weinan, Manxi, Nanning, and 
Keshen, mobile observation stations are located in all of the 
above mentioned places. Through these the XSCC has a 
system capable of collecting all military, commercial and 
international satellite information and data. 


The XSCC has a planning department, technology depart- 
ment, and general affairs department as weil as a 700 square 
meter command control hall equipped with about 50 com- 
puters whose large screens constantly display various data 
including flight time, satellite orbit, inclination, cycles, 
height of perigee, and height of apogee. 


More than 60 technical delegates including satellite launch 
teams from foreign countries have already visited the 
XSCC, which makes China feel ever more confident of their 
ability to compete in the international satellite market. 
Chief Engineer Zhang acknowledged the Japanese H-2 has 
“accomplished excellent technology and become a tough 
competitor,” but emphasized China’s superiority in launch 
performance including “Japan’s excessively high launch 
cost compared to the Chinese.” He then expressed strong 
interest in technology exchange and joint projects with 
Japan. 


China is particularly enthusiastic about a new relationship 
with the Japanese aerospace industry. 
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Jointing Techno for Optical Fibers and 
Optical Fiber C in Japan 
43070099A Tokyo JAPAN 21ST in English May 94 pp 38-49 


[Article by Hideo Fukutomi, senior managing director, 
Sumitomo Electric Industries, Ltd.] 
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This paper presents an overview of the most recent achieve- 
ments in the optical fiber jointing technology fields of fusion 
splicing, connector jointing, and optical fiber cable jointing. 
The author hopes that this paper will be of some use in the 
construction of an optical fiber cable network. 


2. Jointing of Optical Fibers 
[Text] . 

The optical fibers currently in practical use are made of SiO, 
1. Introduction glass. As shown in Figure 1, their structure is composed of a 


About 30 years have passed since Dr. Kao predicted the 
technological potential of optical fibers. During this time, 
optical fiber and cable technology has developed with sur- 
prising speed. In the United States, the Information Super- 
highway has just been proposed by the Clinton administra- 
tion, and in Japan as well, the optical fiber cable network 
has begun to show its practicability as the standard-carrier 
of multi-media communications for the approaching 2Ist 
century. Jointing technologies are one of the important 
element technologies in the basic technology of optical fiber 
cable network structure, which appears so splendid at first 
glance. Optical fiber jointing technology development is 
layered on the history of optical fiber development. The 
study of fusion splicing began in the United States and 
Japan in the early 1970s. The United States later shifted to 
mechanical splicing using Si chips as the main focus of 
development. Meanwhile in Japan, research and develop- 
ment was energetically pursued primarily by NTT, and the 
technologies in practical use were expanded from single 
fiber splicers for GI fibers to single-mode fiber core align- 
ment technology and then to mass fusion splicing. Research 
on connectors began at practically the same time, and 
developed from single-fiber connectors to multi-fiber con- 
nectors. Among single-fiber connectors, a single mode fiber 
with low insertion loss was realized on the industrial level in 
the mid-1980s before the rest of the world. Japan’s expertise 
in ultra fine ceramics machining technology contributed to 
this. A precise plastic molded multi-fiber connector was put 
into use in the late 1980s; nothing similar to this has 


cladding that is 125 ym in diameter and a core inside that. 
The three typical types are shown in Table 1. The most 
important point in optical fiber jointing is how precisely the 
two opposing cores of two fibers to be spliced are aligned. 
Figure 2 shows measuring methods for jointing loss; its 
Causes are summarized in Table 2. The theoretical jointing 
loss of the single mode fiber, which is now the most general 
optical fiber, is shown in Figure 3. The following kinds of 
jointing technology have been developed and put into 
practical use. 


¢ Permanent jointing: Fusion splicing 
¢ Detachable jointing: Connector jointing 
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appeared in the world since. Japan has also contributed to - 125}um 
the international standardization of these connectors, which 
will soon be adopted as the IEC standard. 
Mulu-mode Opucal Fibers Single Mode 
Step Index Type | Graded Index Type Opocal Fibers 
| | 
Index Profile JS AN, | 
! | ! 
i i | i | 
Cladding 
dancer (@ ) 125 125 125 
Core 
diameter ( m ) 80 50 10 




















Table 1. Typical Optical Fibers 
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Jointing loss = P, - P: (4B) 
Figure 2. Jointing Loss Measurement Method 























Cause Diagram Theoretical Expressions for Single Mode Fibers 
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diameter = 
Jointing loss @ = -10 logT Wel [2¥'pdp/fov'p dl 

Petermann, second definition 

T: Optical power coupling coefficient W: Far Field 
Wi, W2: Mode field radius (um) Pek san@ 
d: Amount of axai misalignment (ym) ke2e/ 
@: Angular misalignment (rad.) yr © 
e: End separation (jm) mW Wx 
ns: Refractive index of cladding 


A: Wavelength (yum) 
Table 2. Causes of Jointing Loss 
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Jointing loss a (dB) 























Figure 3. Results of Jointing Loss Calculation 


W, = W, = Sum 
n2 = 1.4 
A = 1.3m 





2.1 Fusion splicing 
2.1.1 The principles of splicing 


Figure 4 shows the general process of fusion splicing. The 
fibers to be spliced undergo jacket removal and cleaving, 
and then are stuffed together while heat is applied for fusion 
splicing. Because the melting point of silica glass is over 
2000°C, requirements of the heat source should be to 
produce this amount of heat, to be operable in a very small 
space, and to be easily controllable. Therefore, electric 
discharge heating is most often used because of its small size 
and simplicity. The relative position of the opposing elec- 
trodes and the fibers to be spliced is an important param- 
eter. Although optical fibers were originally spliced one by 
one, mass fusion splicing has been developed in recent years 
to improve work efficiency, and |2 optical fibers can now be 
spliced simultaneously with a single electrical discharge. 
The relative position of the electrodes differs for single-fiber 
and multi-fiber ribbons. Because of the heat distribution, 
uniform heating is required in the case of multi-fiber ribbon 
splicing. As Figure 5 shows, the optical fibers are placed in 
a location that is intentionally offset from the positions of 
the electrodes. Pre-fusion, which is shown in the process 
presented in Figure 4, is also an important factor. In the 
short electrical discharge period, lasting 0.1 to 0.2 seconds, 
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tiny irregularities on the cleaved surfaces are smoothed, and 
dust and the like are eliminated, so that low splice loss is 
achieved. 
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Figure 4. Fusion Splicing Process 
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Figure 5. Distribution of Electrical Discharge Power 
Density 





2.1.2 Fusion splicer 
(1) Discharge circuit, jacket removal, cleaving 


In fusion splicing, alternating electrical discharge by the 
high frequency trigger method is often used. Putting this 
type into practical use has served to increase electrical 
discharge stability and make the equipment more compact. 
Figure 6 shows the configuration of the circuit. 


Optical fibers have multiple coating layers including a soft 
layer, a hard layer, and a colored layer. Tools which 
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Figure 6. High-Frequency Trigger Ty, - Discharge Circuit 





mechanically remove these coatings have been put into 
practical use. In recent years, UV curable resin has been 
used on optical fiber coating layers. Because such resin is 
highly adhesive to optical fibers, a jacket removal tool with 
built-in hot iron is used so that the coating can be removed 
with less force. 


Bits of the coating adhere to the surface of the optical fiber 
after removing, so normally gauze which has been soaked in 
a solvent is needed to clean the fiber. Any foreign matter 
remaining on the fiber influences the core monitoring by the 
splicer with direct core monitoring and the strength at the 
spliced portion at time of electrical discharge. Therefore, 
when high-strength fiber splicing is needed, an acid such as 
H,SO, is sometimes used to remove the coating. 


When the surface of an optical fiber receives an initial flaw, 
it normally breaks when a twisting or tensile force is applied. 
Because it takes something quite hard to flaw a silica glass 
optical fiber, ultra hard alloys are used as the blade. 
Although the cleaved length differs according to the splicer, 
it is typically 10mm (multi-fiber) to 16mm (single fiber). 
The requirements for the cleaved surfaces of the optical 
fibers are that they be “mirror-like” and “perpendicular to 
the longitudinal axis,” and in the case of a multi-fiber 
ribbon, that they have “as little cleaved length variation as 
possible.” If these conditions are not met, the splice loss 
increases. Tools have been developed and put into practical 
use which can obtain the end surface angles of 90° +/- 1° and 
the cleaved length variation of about 10 p (in the case of a 12 
optical fiber ribbon) with relative ease. 


(2) Fusion splicer with core alignment 


Single model optical fibers must be spliced with low loss in 
long haul trunk lines. Therefore, an alignment technology is 
necessary to correctly align the cores with each other. Two 
essential technologies are necessary to align the cores of 
optical fibers: (1) a method to detect the positions of the 


cores by some means, and (2) a manipulating mechanism to 
make the opposing core positions of the optical fibers to be 
spliced agree. 


In regard to (1), the injection of optical power between the 
opposing optical fibers is monitored and the optical fibers 
are minutely manipulated in such a way as to receive the 
maximum optical power. Since the early development 
stages, a local injection/detection method for power moni- 
toring was used in which the optical fiber was bent near the 
splicing point and light was injected, while the other optical 
fiber was similarly bent and the light leakage was detected. 
However, the optical fibers were bent on a small radius of 
about 10mm in this method, giving rise to the possibility of 
damage to the optical fibers. This led to an increase in light 
injection and measurement error due to the thickness and 
the refractive index of the coating layer. Therefore, a direct 
core monitoring method has been developed in recent years. 
In this method, a collimated beam is irradiated from the 
side of the optical fiber, and a television camera is set up 
opposite the light source via the optical fiber. The core 
centers are calculated by image processing with a microcom- 
puter built in the splicer. A similar process is conducted for 
the two optical fibers that oppose each other, and the 
manipulative mechanism moves the position of the optical 
fibers to align the centers of their cores. A splicer with this 
function has already been put into practical use. The major 
characteristics of this technology is that the splice loss can 
be theoretically estimated from the results of optical fiber 
axis misalignment measurement after splicing. After the 
optical fibers that have been stripped of their jackets and 
cleaved are set, this splicer conducts the entire splicing 
process shown in Figure 4 automatically when the “start” 
button is simply pressed. 


(3) Mass fusion splicer 


In recent years, the optical cable network has shown an 
expansion from the long haul trunk lines to the subscriber 
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Figure 7. Jacket Remover With Hot Iron 



































(2) Ineensety cosembyunon 
Figure 9. Direct Core Monitoring Image and Intensity Distribution 








Figure 10. Direct Core Monitoring Fusion Splicer 





networks. The amount of traffic 1s also increasing along with 
the development of computers, facsimiles, and so on. For 
these reasons, there has been a marked rising trend in the 
number of optical fibers in an optical fiber cable. Many 
cables now have the multi-fiber nbbon structure. In Japan, 
4-fiber and 8-fiber nbbons have been standardized by NTT 
and the development of 16-fiber nbbons ts also progressing. 
In the United States, AT&T has adopted | 2-fiber ribbons. 
Because of this trend, mass fusion splicers have been devel- 
oped and put into practical use with the goal of reducing the 
cost of splicing work. 


In mass fusion splicing, as shown in Figure | 1, some pairs of 
optical fibers to be spliced are set opposing each other, and 
the fibers are fusion spliced at the same time by a single 
electrical discharge. The difficulties are both uniform 
heating and, as shown in Figure | 2, cleaved length variation. 
In the present technology, when a plurality of optical fibers 
are spliced at once, a variation on the order of 10 p is 
generated no matter how much care one takes to cleave 
them accurately. To promote mass fusion splicing under 
these conditions, image processing technology 1s used here 
as well. The end separation e1 (i = 1.2.3 ... n) of each optical 
fiber pair is measured, and Ac = €_.,. €,,,,, 8 calculated. If it 
can be confirmed that Ae is within the preprogrammed 
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Figure 11. Mass Fusion Splicer 





Because Ae differs for each cleave, S also differs for each 

splice. The actual stuffing stroke also differs even within one 

because ci di for each optical fiber pair. An 

fiber pair that has ¢_.. is stuffed with the stroke S, 

by the equation above. This means that it is 

a stroke that is larger by Ac than that of an 
i has 


(4) Simple fusion splicer 
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Figure 12. Cleaved Length Variation 





A simple fusion splicer has been commercialized for such 
purposes as LANs, light measurement, emergency jointing, 
and backup. Its purpose is compactness and lightness to 
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(a) Single-fiber splice by direct core 
monitoring alignment 


Telecommunications 


JPRS-JST-94-024 
17 August 1994 








0 0.01 062 0.03 0.04 0.05 0.06 0.07 0.08 0.09 0.10 0.11 0.12 0.13 014 0.15 0.16 
Splice loss (dB) 
(b) Mass fusion splice of 12-fiber ribbon 


Figure 13. Distribution of Splice Loss (Identical fibers) 





make it easier to move, achieved by making it simpler than 
the high grade fusion splicer described above in terms of 
performance and functions. It is also characterized by its 
low price as a commercial product. 


The early simple fusion splicers were for single-fibers alone. 
The fibers were laid in a V groove without an alignment 
mechanism. Fiber positioning was conducted manually 
while observing the fibers to be spliced through microscope 
from one direction in some commercial models. They were 
lacking in automated functions. 


Recently, simple, small fusion splicers have been developed 
and commercialized that have various characteristics with 
automatic functions. For example, the type shown in Figure 
14 is capable of mass splicing of one- to four-fiber ribbons. 
It has also approached the high grade splicers further in 
terms of functions, as it has been provided with a function 
for estimating splice loss by bidirectional fiber monitoring 
with a CCD camera and by image processing. 


2.1.3 Reinforcement at spliced portion 


The spliced portion is heated by the electrical discharge and 
then undergoes the process of jacket removal and cleaving, 
so that the average strength of a fiber whose average strength 
had been 70 [N] falls to about 7 [N] after splicing. Also, 
when moisture in the air adheres to the exposed surface of 
the optical fiber, the SiO, reacts with H,O, forming a 
silicate, H,SiO,. The Si and O chain breaks, and the growth 
of tiny cracks is further promoted. To prevent this, some 
technology is needed to reinforce the strength of the spliced 
portion. The method that is most widely used today is the 
one using the heat shrinkable tube shown in Figure 16. This 





Figure 14. Simple Splicer. Size 200W x 200H x 260D 
mm; weight 5 kg 





consists of a tension member and an internal tube of a hot 
melt adhesive and an external tube of heat-shrinkable poly- 
ethylene. This is used to cover the spliced portion, and 
externally applied heat integrates the optical fiber, a tension 
member, adhesive, and polyethylene for reinforcement. In 
actual work, a tensile load is intentionally applied to the 
spliced portion before reinforcement to exclude weak por- 
tions beforehand. (This process is generally called screen- 
ing.) After reinforcement is completed, the only external 
force applied to the fiber is stress caused by changes in the 
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ambient temperature. A stainless steel rod is adopted as the 
tension member in the case of a single fiber. From analysis 
of stress due to difference in the heat expansion coefficient, 
the screening of 1.8 [N] has been set as the value for a 
25-year breakage probability of 10°°. For strength in the case 
of mass fusion splicing, a ceramics rod is adopted as the 
tension member in place of the stainless steel rod. The same 
ideas regarding screening apply in this case as well. 


Silicate (H,Si0,) 
Figure 15. SiO, + H,O — Generation of H,SiO, 


— 


<< 





Tenwon member 
(Single-fider. sumniess sieei rod 
Multi-fiber: ceramics rod) 


Fusion spliced point Hot met adhesive tube He Swinkable sleeve 


Figure 16. Heat Shrinkable Tube for Reinforcement 





2.1.4 Fully automated fusion splicer 


The apparatus shown in Figure 17 is a fully automated 
fusion splicer, in which the entire process from jacket 
removal to fusion splicing and reinforcement is fully mech- 
anized and automated. As shown in Figure 17, this is 
composed of a main body and a controller. It is capable of 
the mass fusion splicing of ribbons of up to eight fibers. 


First, the multi-fiber ribbons are set in a cassette, which is then 
installed in the main body of the fusion splicer. When the 
“start” button is pushed, the multi-fiber ribbon is continually 
fed and taken through the stages of jacket removal — cleaving 
— splicing — reinforcement. Last, the ribbon is thrown out of 
the fusion splicer. During this time, the operator has only to 
monitor the operating state of the apparatus. 


In Japan, optical fiber cables of up to 1000 fibers have already 
been specified and actually installed for application in sub- 
scriber networks by NTT. Fully automated fusion splicers 
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Figure 17. Fully Automated Fusion Splicer 





have been developed to splice such multi-fiber cables in a 
short period of time. Low-loss splicing and quick operation 
are important technologies for this apparatus. Figure 18 
shows a comparison of the results of time analysis between 
the conventional fusion splicers and the fully automated 
fusion splicers. The fully automated fusion splicer is about 
three times faster than the conventional models. The conven- 
tional splicers require at least 20 hours just for the fusion 
splicing of 1000-fiber cables composed of 8-fiber ribbons, but 
the fully automated fusion splicers can do the job in seven 
hours or less. 
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Figure 18. Time Analysis of Splicing Work 





2.2 Connector jointing 


2.2.1 Connector structure 


Unlike fusion splicing, connector technology is used not to 
joint optical fibers permanently, but to joint them in a 
detachable way. In this field, as is the case in fusion splicing, 
there are both single-fiber connectors and multi-fiber con- 
nectors. The structure of the SC type connector, typical 
single fiber connector, is shown in Figure 19. Its basic 
components are a ferrule and a housing which has a mating 
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mechanism. The ferrule is made of ceramic and has an 
outside diameter of 2.5mm. A tiny hole whose diameter is 
125mm is located in the center of the ferrule. The optical 
fiber is inserted into this hole and fixed there. The causes for 
insertion loss with connectors are the same as those 
expressed in Table 2. However, in the case of fusion 
splicing, factors specific to the optical fibers are relatively 
important, while in the case of connectors, the additional 
factors of the ferrule, the mating mechanism, and so on 
must also be considered. Factors including the diameter, 
circularity, and cylindricity of the ferrule; the diameter of 
the tiny hole and the difference between this and the 
diameter of the optical fiber; and eccentricity all contribute 








ea 


Figure 19. Structure of Type SC Optical Connector 





Multi-fiber nbbon 


Ferrule (made of plasuc) 
(mm) 
Figure 20. Structure of MT Connector 
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to insertion loss. Figure 20 shows the structure of the MT 
connector, a typical example of a multi-fiber connector. 


The MT connectors generally conduct the mass connecting 
of 4-fiber and 8-fiber ribbons. For the mating mechanism, 
two guide pins which are 0.7mm in diameter, located on the 
ferrule, are working for precise positioning and mating. A 
row of tiny holes, sized 125mm, is located accurately 
between these two guide pins at a pitch of 0.25mm. One 
optical fiber is inserted into and fixed in each of these holes. 
The ferrules for MT connectors are manufactured with 
epoxy resin, but all the precise molding technologies not 
only of resin but also of metal molds are condensed in its 
production. The basic assembling procedure of a connector 
is shown in Figure 21. 





Jacket removal 

















Cleaving 
































Adhesive injection 

















Heat curing 

















Polishing 


Figure 21. Connector Assembling Process 














Polishing is extremely important in terms of connecting 
characteristics. The basis is that polishing be conducted 
perpendicularly to the axis of the optical fiber and that a 
mirror surface be achieved. In general, the polishing process 
consists of three steps, rough, medium, and fine. In each 
step, an appropriate polishing paper should be selected. Fine 
polishing is conducted last. Adhesion is important for the 
reliability of the connector. The gap between the tiny holes 
of the ferrule and the optical fiber diameter is less than | pm 
in some cases, but the viscosity must be such that the 
adhesive flows uniformly into this minute space. Also, the 
adhesive should have as a low expansion coefficient as 
possible to prevent the extrusion or pulling back of the 
optical fibers in response to temperature changes. At 
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present, a two-liquid mixture type of heat-cure epoxy adhe- 
sive is used. For the sake of work efficiency, a short curing 
time is desirable. 


2.2.2 Jointing characteristics 


In addition to the insertion loss described in Figure 2, return 
loss is another important characteristic that must be taken 
into consideration in the case of connectors. In the polishing 
process shown in Figure 21, no matter how precisely the 
surface is finished, there are microscopic unevennesses on a 
submicron level. Because these are interposed between the 
glass and the air layer, which has a differert refractive index, 
they are a cause of reflection on the contact surface, as 
shown in Figure 22. Furthermore, a strain residual layer is 
produced at the boundary surface with a thickness of several 
hundred Angstrom because of the polishing strain arising 
during the polishing process. Although this strain residual 
layer is minute, its refractive index is different, making it is 
a cause of return loss generation. The measurement of 
return loss is shown in Figure 23. 
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Figure 22. Reflection at Boundary Face 




















Light source 


























Received optical powcr. P: 
Rearn loss a = PF - P. + P (GB) 


Figure 23. Principles of Return Loss Measurement 





In high-speed digital communications and analog video 
transmission, it is important to control return loss at as low 
a level as possible. Several kinds of technologies have been 
developed for this purpose. The most popular one is to fill 
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the space between the ferrules with a matching gel whose 
refractive index matches that of the glass. However, in the 
long term, it is probable for the gel to flow out, so that 
problems remain with its stability. The development of 
technology to control return loss is also progressing through 
varying the polished shape of the ferrule. Physical contact 
(PC) connectors, in which a single-fiber ferrule undergoes 
spherical polishing and the optical fibers are placed in direct 
contact, have achieved low insertion loss. The development 
of advanced physical contact (APC) connectors has taken 
this concept further, realizing improvement in return loss 
through the development of a polishing technology that 
eliminates the strain residual layer mentioned above. 


However, the target of technological development is still PC 
connectors in the case of multi-fiber connecting because the 
shape of the ferrules makes spherical finishing impossible. 


Polishing at an angle of 8° to the axis of the fiber is also 
conducted with the goal of reducing return loss by direct 
contact between the optical fibers through improved pol- 
ishing, along with a technology to remove reflection from 
the boundary surface to outside the wave guide. A plug/ 
adaptor structure is also adopted for this connector, as 
shown in Figure 24. It has been put into practical use as the 
MPO connector. The jointing characteristics of SC, MT and 
MPO connectors are shown in Figures 25 and 26. 





Figure 24. MPO Connector 





2.2.3 Further advancement of connector technology 


The diameter of the ceramics ferrule for the SC connector is 
2.5mm. However, the MU connector, in which this diam- 
eter is reduced to 1.25mm, has also been developed and 
work is under way to put it to practical use. Its connecting 
characteristics are the same as those of the SC connector. 


Concentration is also progressing in the case of multi-fiber 
connectors. The MF-16 connector, for 16-fiber ribbons, and 
the MF-80 connector, which utilizes the MF-16 connector, 
are now in the active research and development stage of this 
area. 
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Figure 25. Distribution of Jointing Characteristics 
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(b) Return loss (dB) 
Figure 26. Jointing Characteristics of 2 MPO 
Connector 
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2.2.4 Standardization 
As shown in Table 3, many single-fiber connectors have been developed around the world and are being put to practical use. 





Table 3. Major Connectors Worldwide 






























































Nickname (type) Ferrule structure Fastener structure Main applicable fiber(s) Main country current using 
SMA (FSMA) Cylindrical Screw 1/4-36UNS MMF UK, U.S.A., France, etc. 

sé JURIE (CFO3) V-shaped Screw M12 MMF France 

Optaball (CFO4) Rall alignment Screw 7/16 23UNEF2B SMF, MMF France 

Biconical (BAM) Tapered Screw 7/16-16UNF2A SMF, MMF U.S.A., Canada, Italy, Korea, etc. 
LSA (DIN) Cylindrical Screw MS.5 SMF, MMF Germany, Australia, etc. 

FC (F-01) Cylindrical Screw M8 SMF, MMF Japan, U.S.A., UK, Sweden. etc. 
D (F-02) Oo Cylindrical Screw M8 SMF, MMF Japan, U.S.A., Australia, etc. 
OF -2 (F-03) Cylindrical Screw M5 MMF Japan, U.S.A., etc. 
DFOC/2 5 (ST) | __ ptindrical Bayonet SMF, MMF U.S.A., UK, Canada, etc. 
OCCA-BU Cylindrical Plug-in SMF, MMF Netherlands 
OCCAPC Cylindrical Screw M9 SMF, MMF Netherlands 

FSD ( FDDI) en Cylindrical Push-on MMF Japan, U.S.A.., etc. 
SC(F-04) | Cylindrical Push-on SMF, MMF Japan, U.S.A., Italy, etc. 

EC (CFO8) nf ‘Ball alignment Push-on SMF, MMF France 

F-05 (F-05) a aa ~ Cylindrical Push-on MMF Japan, Netherlands, etc. 
DS ( Fil) | Cylindrical Plug-in SMF, MMF Japan 
MI(Fl2) | Array Spring clamp SMF, MMF Japan, Italy, etc. 

















However, from the user's point of view, it is clear that 
standardization is naturally desirable. Standardization of 
the SC connector, which was developed primarily by NTT, 
is proceeding as the JIS C5973 F04 connector. Deliberations 
are under way by IEC to make an international standard 
that will soon be adopted. The JIS standardization of the 
MT connector is also proceeding, and it is expected that its 
standardization will be completed soon. Because there are 
no connectors that rival the MT in any other country, its 
international standardization ts also on the horizon. 


3. Jointing of optical fiber cables 


3.1 Characteristics and requirements on optical fiber 
cable jointing 


(1) Attributes of optical fibers 


Unlike the case of metal wires, bending must be taken into 
consideration in the case of optical fibers. Transmission loss 
increases at smaller bending radii. Static fatigue due to 
leaving a fiber with a small bending radius for a long period 
of time can even cause it to break. Therefore, when optical 
fibers are installed, a minimum permissible bending radius 
must be decided and care must be taken so that the optical 
fibers are never bent less than the minimum permissible 
bending radius. The minimum permissible bending radius 
is dependent on geometrical parameters of the optical fiber 
and the structure of coating layer. It also varies somewhat 
according to the wavelength of transmitted light. In general, 
a bending radius of at least 30mm ensures safety. 


(2) Requirements based on cable structure 


Tension members are included to prevent excessive tension 
from being applied to the optical fibers at the time that the 
cable is laid. A tension member must also be attached along 
with the sheath of the cable to prevent damage to the optical 
fibers by changes in longitudinal tension along the cable for 
many years. In the case of a metal sheath or a complex 
structure of both metal and plastics, their electrical conduc- 
tivity between the cables to be jointed must also be taken 
into consideration. 


(3) Requirements based on jointing format 


As Table 4 shows, optical fiber cables can be jointed one by 
one in the straight jointing method, or optical fiber cables 
can be divided into several directions in the branching 
jointing method. In addition, there is the format in which a 
cable is installed from one direction and the case in which 
cables are installed from both directions. There are restric- 
tions on the structure of the joint portion of the optical fiber 
cable that depends on these jointing formats and the 
number of cables installed. 


(4) Operability and maintainability 


It is desirable that the work of jointing optical fiber cables be 
simple and the work time be short, that no special tools be 
required, and that the joint portions be free from failure. In 
many cases, there are restrictions on the disassembling and 
re-jointing of the joint portions. 
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Pirection of cable] There are various factors, which must be considered, 
installation Birect Srenching depending on the environment in which the optical fiber 
cable joint portions are placed. These are summarized in 

oe _~ Table 5. The installation environments are classified mainly 
Unidirectional ~ into the two categories of inside and outside a building. There 
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Table 4. Optical Cable Jointing Formats 





(5) Environmental resistance 


is a wide range of environments outside the building, from 
aerial to underwater installation. Temperature ts a major 
factor, as temperature changes are especially large in both 
aerial and terrestrial installation. The chemical factors 
referred to are salt water, acidity and alkalinity, hydrogen 
sulfide, and ultraviolet light. The biological factors include 
ants, rats, bacteria, and microorganisms. In the category of 
vibration, the dancing and galloping phenomenon of aerially 
installed cables is one of the major factors that must be taken 
into account. The possibility of a fire makes it important that 
indoor cables be made fire resistant. In regard to sealing, 
cables for outdoor use must be watertight in structure. The 
watertightness requirements vary from rain resistance to 
water pressure proof for cables used as submarine cables. 





Table 5. Consideration for Installation Environment 























Installation environment Temperature Chemical Biological Vibration Fire Sealing 
Inside A A A A x Dust resistant 
Outside Aerial x ) ) x o 
Watertight Terrestrial 0 0 0 o 0 
Underground A 0 0 o o 
Burial 0 x xAo A 
Underwater A 0 0 o A 


























x: Strongly influenced; o: Influenced; A: Weakly influenced 





In the case that gas is sealed inside the cable for mainte- 
nance, the cable must be airtight. 

3.2 Examples of optical fiber cable jointing 

(1) Organizing slack of optical fibers 


In the case that optical fibers are to be spliced by fusion, the 
slack length L is calculated by the following equation: 


L=Ly+L, 
where, Ly is the slack length for approaching from the 
splicer to the spliced portion, and 
L, is the slack length for the estimated number of missplices 
and re-splices. 


If the number of re-splices is taken as two and the number of 
estimated missplices per splice is also taken as two, the 
result obtained is that L is 80 cm. 


L does not need to be this length in the case that the jointing 
of optical fiber is to be conducted with optical connectors 
that have been preconnectorized in the factory. 


The optical fiber’s slack organizing functions are to fix the 
connectors, to keep the bending radius above the permis- 
sible limit, as described in chapter 3.1.(1), to facilitate the 
organization of slack, and to provide protection for the 
slack. 


An example of a slack organization method is shown in 
Figure 27. The spliced portion is fixed in a splice tray (step 
1), after which the slack fiber from both left and right is 
crossed in the form of an 8 (step 2). This 8-shape is folded in 
the middle (step 3), and housed in the fiber holder guide 
(step 4). Figure 28 shows an example of the use of this 
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method. In this example, as shown in Figure 29, as consid- 
eration is given to the accommodation of re-splicing as well, 
hinges are located on the splice tray, giving it the form of a 
book which can be opened at the desired page. 


Fusion spliced portion 








Figure 28. Example of a Splice Tray 














Splice tray 


At least 90° 



































Figure 29. Book Format Splice Tray 














| example of a closure. The size of the closure is selectable to 
the number of fibers in the cable. The example shown in 
Figure 30 is medium size; it can house 10 splice trays and 
@ can contain 80 fibers in single-fiber or 160 fibers in 4-fiber 
Leo ribbons. It measures 168mm (diameter) x 675mm (length) 

and weighs approximately 8 kg. 











Figure 27. Organization of Optical Fiber Slack 





(2) Closure 


The two major types are the heating method using metal 
pipes and heat sealable tubes, which is also popular for 
metal cables, and the non-heating method which is assem- 
bled mechanically. The non-heating method is widely used 
because it does not require special tools or equipment and 
facilitates for the assembling and re-jointing of cables. Figure 30. 80-Fiber Closure 








Closures function to mechanically hold the tension member 
and the cable sheath, to seal the boundary between cable 
sheath and the closure, and to protect the optical fiber slack As shown in Figure 31, in this closure, the tension member 
organizing from external forces. Figure 30 shows an and the cable sheath are held by a cable sheath clamper. The 
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Figure 31. Example of Internal Structure of Closure 





closure supports and fixes the splice tray and is covered by 
a half-split sleeve. As for the sealing structure, packing with 
an adhesive is placed to seal the clearance between the 
half-split sleeve and the cable sheath and also for those 
between the partition and the half-split sleeve. 


The closure also contains a gas valve, which is used in gas 
enclosure flash testing to confirm that the assembly of the 
closure has been successful. 


An external housing is provided in the case of direct 
burying. A method is used in which the housing is filled with 
a tar compound. For aerial installation, a small and light 
model has been developed to allow hanging on overhead 
cables. An example is shown in Figure 32. It measures 
118mm (diameter) x 630mm (length) and weighs approxi- 
mately 2.2 kg. 





Figure 32. Closure for Aerial Installation 





(3) Termination cabinet 


A termination cabinet is usually used inside a building. As 
Figure 33 shows, it is often used in the case of optical 
connector jointing as well as in order to provide a switching 
function. There is also the format in which many precon- 
nectorized cords are installed inside the cabinet for the 
purpose of termination. The basic functions are similar to 
those listed in section (2) of this chapter regarding closures. 
However, when these are used inside a building, the purpose 
of sealing is only to exclude dust, so that its structure does 
not need to be as complex. 


Figure 34 shows some examples of jointing formats in 
termination cabinets. A special feature is that at the time of 
optical fiber slack organization, the fusion spliced portion 





Figure 33. Termination Cabinet for Inside Use 





can be housed behind the optical connector jointing portion. 
Jointing formats like those shown in Figure 34 can also be 
used. 


Figure 35 shows an example of a termination cabinet for 48 
fibers. In this example, the space for optical fiber slack 
Organization is divided into two rooms, the upper and the 
lower. The cabinet is 500mm wide, 700mm high, and 
200mm deep, and weighs 30 kg. 


4.Conclusion 


The development of optical fiber jointing technology has 
progressed from the early stage of jointing loss reduction to 
the reduction of on-site work time through the high density 
optical fiber cables and increased speed, and further to 
economizing that includes these factor:. The field has prac- 
tically matured at present. The problem of slack organiza- 
tion, which was not present in metal cables, has been solved 
for optical fiber cable jointing. Multi-fiber, high-density 
housing and waterproofing have also been achieved. 


The construction of an optical fiber cable network on a truly 
global scale is progressing worldwide. In this phase as well, 
jointing technologies will remain a fundamental technology 
that supports the network. 


Integrated with optical fiber cable technology, it is expected 
that a highly reliable information comimunications infra- 
structure will be realized toward the 21st century. 
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(b) Connector jointing 


(a) Fusion splicing 
for cable-to-cable 


for cable-to-cable 
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{d) Fusion splicing 
and connector 
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Figure 34. Jointing Formats in Termination Cabinet 
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Figure 35. 48-Fiber Termination Cabinet 





Council for Science & Technology Report on 
Research Information Networks 

94P60312A Tokvo NIKKEI SANGYO SHIMBUN 
in Japanese 21 Jun 94 p 4 


[Text] The Research Information Network Study Group, 
under the Council for Science and Technology's Policy 
Commission, presented at the general meeting of the CST 
held on the morning of the 20th a report on how to promote 
research information networks in Japan. The report claims 
that research information networks in Japan have been 
inadequate and underutilized, and suggests it is necessary to 
accumulate an information base within research organiza- 
tions, establish a network to connect research organizations 
among different areas, and produce a software to commu- 
nicate with the above-mentioned facilities effectively. 


The report first of all analyzed the organizational status of 
research information networks in both Japan and overseas. 
In Japan, the first research information network was estab- 
lished by connecting computer centers of seven universities 
using a public packet network in 1981. Improvements were 
made gradually by the Ministry of Agriculture, Foresty, and 
Fisheries (MAFF) and the Ministry of International Trade 
and Industry (MITI) by establishing networks among their 
affiliated research organizations. 


However, compared to overseas activities, Japan's efforts 
are clearly insufficient. In the United States, the world’s first 
research information network was established in 1969 and 
later made rapid progress in line with the development of 
hardware and software, according to the report. 


At present, under the leadership of the National Science 
and Technology Conference sponsored by the President, 
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government agencies and research organizations are 
jointly promoting a comprehensive network systemati- 
cally. Their key circuit speed is 45 megabits. In Japan, 6 
megabit circuits will be available within this year. In 
general, the report said, Japan is 5-10 years behind the 
US. 


The report also noted that European and Asian countries are 
aggressively building up infrastructure and promoting tech- 
nology development for information and communications. 


Under these circumstances, the report suggested the urgent 
need for Japan’s research facilities in industry, government, 
and academe to equip themselves fully with computers and 
LANs (local area networks) and further to hook into larger 
area networks. Therefore, a ‘fair and neutral seamless 
system’ must be created to smoothly exchange information 
even when using different types of equipment. 


The report suggested that Japan should upgrade their circuit 
speed to the U.S. level as soon as possible and that research 
into speeds beyond 156 megabit should be promoted. 


In addition, the report proposed R&D for user-based tech- 
nologies including management systems which can system- 
atically offer user support software and databases so that 
researchers will be able to use the network easily, eventually 
establishing a high performance, user friendly network envi- 
ronment. 


The report also said it is necessary to conduct R&D for 
security control technology including virus prevention and 
obtain good personnel and funding to be able to use equip- 
ment smoothly. The contents of the report will be reflected 
in the ‘research information establishment and interminis- 
trial network project’ which the Science and Technology 
Agency 1s leading. 


Japan's NII Will Be Realized Soon 
94FE07824A Tokyo NIKKEI COMPUTERS in Japanese 
27 Jun 94 p 189 


[An interview with Tokyo University Professor Tadao Sai- 
toh, Chief Investigator of the Policy Division of the Tele- 
communications Council, Ministry of Posts and Telecom- 
munications. Questions are posed by Shinji Seki.) 


[Text] On 31 May. the Telecommunications Council 
(Fumio Watanabe, Chairman), which is an advisory body 
for the Ministry of Posts and Telecommunications (MPT), 
issued a report entitled “Reform for the Intellectual Society 
of the 21st Century—Information/Communication Funda- 
mental Equipment Program.” It presented a model for a 
new network infrastructure built around a fiber-optic net. 
We asked the true feelings of Professor Tadao Saitoh of 
Tokyo University, the member mainly responsible for the 
formulation of the report. 
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[NIKKEI COMPUTERS] This report called for the creation 
of a Japanese version of the National Information Infra- 
structure (NII)... 


[Saitoh] Exactly. If anything, I have confidence that ours 
will be built more systematically than the American one. 
Our current society is at a transition point from an Indus- 
trialized Society to an Information Society. However, we 
have only tried to apply the techniques of an Industrial 
Society in an attempt to find solutions to various social 
problems, and therefore, we have many problems yet to be 
solved. Based on this problem recognition, the Clinton 
Administration established the NII, which would apply the 
techniques of an Information Society. They want to use the 
information highway against various problems, specifically 
education and medicine. Because of the Clinton Adminis- 
tration, this way of thinking was, at long last, recognized in 
Japan as well. 1 myself have been proposing this concept for 
more than five years, but these ideas were not accepted at 
that time. 


[NIKKEI] COMPUTERS] At one point in time, there was 
confusion surrounding the concept of the information high- 
way... 


[Saitoh] There was a period when there was the mistaken 
impression that “the NII would be a thing paid for by the 
country.” However, the role of the country is not to provide 
the money, but rather to clearly establish the basic founda- 
tion, such as system standards. Therefore, to the utmost, the 
core of the NII concept is private industry. 


[NIKKEI COMPUTERS] By the year 2010, can the fiber- 
optic net truly be extended to every business and home? 


[Saitoh] Even today, the cost of laying fiber cable is cheaper 
than that of coaxial cable, if it is used for both communica- 
tions and broadcasting. It is commonly thought that our 
infrastructure is lagging behind that of America because, in 
Japan, cable television (CATV) is not very widely dispersed. 
However, I think that this will make it easier to convert to 
optical fiber, because the cost of coaxial cable systems will 
not have to be recovered. There is absolutely .o problem 
with regard to the establishment of the fiber-optic net. This 
is because restrictions on broadcasting and communications 
are continuing to be gradually eased. Communication com- 
panies, which are affiliated with the power companies and 
which are in competition with Nippon Telephone and 
Telegraph (NTT), are building their own independent fiber- 
optic nets. They have already started to make penetration 
into CATV. If they join up, they will probably be able to put 
together a fiber-optic net that could rival that of NTT. NTT 
as well has already begun a conversion to fiber optics for its 
lines all the way to the subscribers, centering around its 
business customers. It is possible that, even with regular 
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Capital investment levels, that the fiber-optic net will be 
built throughout the country by the year 2010.It is possible 
that the competition to build fiber-optic nets in the metro- 
politan areas will begin in the near future. I think that it will 
be sufficient if we offer incentives, such as no-interest 
financing. to stimulate construction in low-population den- 
sity areas, where there will be no competition. It’s my view 
that the reason the new media boom in the first half of the 
1980s did not go well was because of legal restrictions on 
communications. 
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[NIKKEI COMPUTERS] The Industrial Structure Council 
(Ministry of International Trade and Industry—MITI) also 
issued a report on “The High-Level Information 
Program”... 

[Saitoh] Recognition of the problems surrounding the con- 
version to an Information Society is not something that 
should be had by MPT and MITI alone, all of the Ministries 
and Agencies should be aware of them. Those Ministries 
and Agencies which do not have a plan for this transition 
will probably be left behind by the changing tide of events. 
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